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THE MINE DEFENSE OF SANTIAGO HARBOR. 


LigeuTENANT E. E. Capenart, U. 5. Navy. 


The entrance to the harbor of Santiago, where ships of any 
considerable draft can navigate, is scarcely more than one hun- 
dred and twenty-five yards wide, in its narrowest places, and in 
order to render it hazardous for our ships to attempt to force a 
passage the channel was mined with both electrical and contact 
mines; the former of the Latimer Clark type, containing two 
hundred and twenty-six kilos. of gun-cotton, and the latter the 
Bustamente mine, containing forty-five kilos. of gun-cotton. 

The electrical, or observation, mines, were planted in mid- 
channel, and were controlled, at first, by two stations on the west, 
or Socapa bank, one on Cay Smith, and one at Estrella Cove on 
the east bank. The station at Estrella Cove and the inner one 
on the Socapa bank were in the best possible positions for pro- 
tection, and could have been operated even should the banks 
have been swept by the guns of our fleet. In the cove just behind 
the Morro, the operator could, in almost perfect security, observe 
his mine field until the ships to be destroyed were almost abeam 
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of him, and could operate his mines long before he could be 
discovered. 

At the Inner Socapa station the same condition of affairs ex- 
isted, as the station was in behind the hill and close down near 
the water. Cay Smith and Outer Socapa were not so well pro- 
tected, but were still commanding positions. 

The length of channel controlled by these mines reached from 
the entrance, just off the Morro, up to about midway between 
Puntilla and Soldados points. 

From Cay Smith across the channel, running in about an east 
southeasterly direction, a line of nine Bustamente, or contact, 
mines had been planted also, so that any ship attempting to enter 
the harbor would, of necessity, be compelled to pass over from 
eight to ten electrical mines, and then across a line of contact 
mines planted so closely together that she must, if of any con- 
siderable beam, surely strike one, and possibly two of them in 
passing. 

The electrical mines were planted on the bottom in from seven 
to eleven fathoms of water, and the contact mines anchored to 
float at about eleven feet under the surface. 

An effort was made to fire the five electrical mines controlled 
by the station at Estrella Cove when Hobson made his gallant but 
unsuccessful attempt to block the channel with the Merrimac, but 
only two of the five detonated. Further in another mine was 
fired from the Inner Socapa station, and Hobson reports that it 
lifted the Merrimac some and probably aided to sink her, as she 
went down a short distance further 1n. 

After she was sunk the defense of the channel was as follows: 
A line of three doubtful electrical mines controlled by the Es- 
trella Cove station, four other electrical mines running from a 
point just off Santa Catalina Fort up the channel, and the nine 
contact mines before mentioned as running from Cay Smith 
across to the eastern bank; these last running just under the stern 
of the Merrimac. In addition to the mines the channel was 
blocked by two log booms running from the bow and the stern 
of the Merrimac over to the eastern bank, the logs being sectired 
to each other by five-inch steel hawsers. A similar log boom 
was also stretched from Puntilla across to Cay Smith. (See Chart.) 

The control stations for the electrical mines were small wooden 
huts covered with branches of trees, and absolutely concealed ex- 
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588 THE MINE DEFENSE OF SANTIAGO HARBOR, 

cept for a small slit about four inches deep, and just long enough 
to take in the two ends of the mine field to be operated. These 
stations contained the most elaborate electrical appliances for 
testing the circuits and for firing. A large table with testing bat- 
tery, Wheatstone bridge, and galvanometer was found in each, 
together with a firing battery, sighting quadrant, and numerous 
books giving full descriptions of the ships of our Navy, with 
photographs accompanying. All stations were in telephonic com- 
munication with each other. After the surrender it was dis- 
covered that on account of the failure of the three mines con- 
trolled by the Estrella Cove station, that station was abandoned. 
Only parts of the testing and firing mechanism were found there, 
other parts having been destroyed or carried off. The stations on 
Cay Smith, and Outer Socapa were also abandoned, as the inside 
station on the Socapa side was considered to be so advantage- 
ously located that it, alone, was considered sufficient to control 
the remaining mines. 


SIGHTING QUADRANT. 


The means of determining the proper moment to fire the 
electrical mines were a sighting bar in connection with a quad- 
rant of a circle, having on it as many contact points as there were 
mines in the mine field. The sighting bar was pivoted at the 
center of the circle from which the arc was described, and could 
be swung around so that its front end could be brought in contact 
with any one of the contact points on the arc. 

The whole arrangement was evidently installed in the control 
station, and the mines planted on the ranges indicated by the 
line of sight as given by the bar in its various positions, that is, 
with its front end on the different contact points of the arc. 

The main cable was made up of a number of small well-insu- 
lated cables, all bound together and covered with jute braiding 
for the distance from the control station out to the junction box, 
and where this cable came into the control station it was made 
fast, and the separate parts of it were each led to one of the con- 
tact points on the arc of the sighting quadrant. These wires, and 
the contact points were numbered with the same numbers that 
had been assigned to the mines as they were planted. 

Outside of the control station the cable ran out into the water 
for about one hundred and fifty yards where it led into a junction 
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box, from which branch leads radiated to each of the mines 
planted. The mine connection of each of these branches was 
as follows: In the top of the mine was a water-tight stuffing-box, 
through which the leading wire entered and made fast to one pole 
of the detonator, the other pole being made fast to the metal of 
the stuffing-box outside the mine. At the shore end of the cable 
one pole of the firing battery was placed in contact with the earth, 
and the other connected to the sighting-bar, the firing-key mak- 
ing a break between the two. 

To test any particular mine, place the front end of the sighting- 
bar on the contact point of the are corresponding to that mine 
and, with the testing key and testing battery, in connection with 
the Wheatstone bridge, and galvanometer, the good or bad quali- 
ties of the circuit were established. The arrangement was very 
simple and at the same time very complete. 

To fire a mine under a vessel attempting to run the channel, 
connect with the firing battery, take the guard off the firing key, 
and, when the vessel comes on your line of sight, as indicated 
by the front and rear sights of the bar, press the key. 

In order to make the entrance of the harbor safe for the pas- 
sage of our ships the commander-in-chief, on July 17th, sent a 
working party in to destroy the electrical mines, and raise the 
contact mines. Of the four presumably good electrical mines off 
Inner Socapa, two failed to show continuity of circuit, and, 
after repeated attempts to detect their faults and to fire them, their 
positions were located and they were noted “to be raised.” The 
other two were successfully fired, but the column of water thrown 
up by each was surprisingly small. This may be accounted for, 
in part, by the great depth in which they were planted. 

The two noted “to be raised” were recovered in the following 
manner without any accident whatever: The “ Suwanee,” under 
the command of Lieutenant-Commander Delehanty, was sent in 
to assist in recovering these mines, as she was fitted with just the 
sort of anchor gear that was necessary to use in lifting them, and 
after the chain sling of the mine was once secured, she simply 
hooked her fish fall in the ring in the end of it, and with her steam 
winch hoisted the mine up clear of the water. All connections at 
the control station were broken, simply as a matter of ordinary 
precaution; the main cable was underrun by a dinghy for about 
one hundred and fifty yards, where a junction box was found. By 
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means of a wrench the nuts holding the top on it were taken off, 
and the box was found to contain a branch lead from the main for 
each mine planted, each lead having a tag on it corresponding to 
its number on the contact point on the sighting quadrant. Know- 
ing the numbers of the two mines fired, it was an easy matter to 
take each of the other two in turn and, leaving the junction box 
in a boat, underrun its cable until the end of a small chain was 
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found stopped to it at intervals. This chain had a ring in its end, 
and, after casting it adrift from the cable, the boat was hauled 
Over until it led up and down. The “ Suwanee” then steamed 
up and hooked her fish fall in the ring in the end of the chain, 
hove the mine up above the water, and a steam launch went along- 
side and received it. A short chain sling led from each corner 
of the mine to a ring in the center, and to this ring the hoisting 
chain made fast. A vessel like the “ Suwanee,” or a large launch 
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or tug with good tackles, is absolutely necessary in raising these 
mines, as they weigh close on to a ton and, if the bottom is soft, 
sink into the mud for a considerable distance. 

The mines recovered were of the following general description: 
The case was of cast iron, about three-quarters of an inch thick, 
the top and body being cast separately, and, after the charge of 
gun-cotton had been placed inside, these were securely bolted 
together, with a rubber washer between them. The whole thing 
was in the form of an iron box about thirty-six inches on a side, 
and about twenty inches deep, and, as stated before, the leading 
wire entered through a central water-tight stuffing-box. The 
detonating agents were two fulminate of mercury detonators, each 
containing about seventy grains, as well as could be judged, con- 
nected in parallel, and embedded in the heart of the dry gun- 
cotton primer. 

To prevent injury to the connections, from pulls or sudden 
jerks on the leading wire, a cuckold’s neck was turned in it, and 
made fast to a ring on one of the corners of the mine. As soon 
as the mine was in the launch the stuffing-box was taken off to 
permit of an examination being made, and this should always be 
done if recovering a mine that has failed to fire. If the deton- 
ators have fired, well and good, if not, then remove them from the 
mine at once as a matter of precaution. 

The remaining mine off Inner Socapa and those off the Estrella 
station were recovered in the same general way by the “ Suwanee.” 


Contact MINES. 


The line of contact mines, running from Cay Smith across to 
the eastern bank, passed just under the stern of the Merrimac 
and completely blocked the channel, but on the afternoon of 
July the second four of these mines were taken up between Cay 
Smith and the Merrimac, and, on the morning of July third the 
connections at Inner Socapa were temporarily broken so that the 
Spanish fleet passed out in perfect safety. After they had passed 
the mine fields the connections were immediately made again, and 
the four contact mines planted in their original places. (Chart.) 

The operation of recovering these contact mines will probably 
be better understood after a brief explanation of the method of 
planting them, and a description of the different parts has been 
given. The description, as here given, is of the mine as it was 
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found at Santiago, and may not be exactly technically correct 
according to the ideas of the inventor, but is correct regarding 
those recovered. The mine is in the shape of a conical buoy 
thirty-two inches in diameter at the top, and twelve and one-half 
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at the bottom, and stands thirty-six inches high. It has a central 
axial hole in it eleven and three-quarter inches in diameter for 
the entrance of a cylinder containing the charge of wet gut 
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cotton. The bottom of this hole is closed by an iron plate, and 
on the outside of this plate is secured the frame of a reel which 
carries about twenty fathoms of wire rope for anchoring the 
mine. On the barrel of the reel is a toothed wheel, against which 
a pawl is held by a spring, preventing rotation until the pawl 
is raised. 

On each end of the barrel, outside the frame, is a two-bladed 
fan, the area of each blade being about sixty square inches. 
When the paw! is lifted, by a rod running up alongside the mine, 





PLAN OF TOP OF CONTACT MINE. 


it releases the reel and allows the wire to unwind, and by letting 
go this rod the spring holds the pawl hard against the toothed 
wheel and stops the revolution of the reel. The fans are to 
prevent a too rapid revolution of the reel and a consequent 
snarling of the anchor wire. 

The cylinder which fits in the central hole in the mine contains 
forty-five kilos. of gun-cotton, and is secured to the bottom plate 
by four bolts and nuts, but does not reach to the top of the mine 
by about eight inches. 
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In the upper end of the cylinder is a conical hole for the 
reception of a vessel containing the dry primer of gun-cotton, 
This vessel containing the dry primer is secured against a rubber 
washer, on the bottom of a small hollow cylindrical buoy, which 
fits in the upper end of the same axial hole as the large cylinder 
containing the wet charge. 

Inside of the small hollow cylinder are six plungers, spaced at 
equal distances around the circumference, and converging to the 
center, where their inner ends rest on a glass tube filled with 
sulphuric acid; their outer ends being in contact with plungers 
operated by contact arms on the outside of the mine. The 
hole in the small buoy where the outer ends of the plungers make 
contact with those operated by the contact arms is covered with 
thin sheet lead to make the buoy water-tight, the blow from the 
contact arm being sufficient to rupture this lead when the mine 
is struck by a passing vessel. 

Around the tube of sulphuric acid is a composition of chlorate 
of potash and sugar, and a central hole gives communication be- 
tween this composition and the dry gun-cotton in the conical 
vessel attached. To the eye, the only substances that could be 
absolutely determined were the chlorate of potash and the sugar, 
but this alone will not make, with sulphuric acid, a detonator. 
Therefore, there must have been some fulminate in combination 
with these two substances, or in the heart of the dry primer of 
gun-cotton, to produce a detonating effect. I quote from an 
opinion of the chemist at the U. S. Torpedo Station, Professor 
H. F. Brown. “ The reaction of sulphuric acid, potassium chlor- 
ate and sugar will evolve a large amount of heat and will probably 
result in an explosion. This explosion will ignite dry gun-cotton, 
which, consequently, will produce an explosive effect. It is my 
opinion that this explosion will not be a true detonation unless 
there intervenes some fulminate of mercury, or other substance 
whose ignition, like that of the fulminate, amounts practically to 
a detonation. I should not expect the explosion of a mass of 
wet gun-cotton which might be adjacent to the dry primer (of 
gun-cotton).” This opinion is fully substantiated by other 
authorities, and therefore, although no fulminate appeared to the 
eye of the observer, it must have been there, or the mine would 
have been valueless. The detonating agent is, therefore, the 
material in the buoy and the dry gun-cotton primer. 
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In planting the mines the buoy and dry primer attached are 
placed in position in the upper end, as a last preparation, and a 
small rod is run across the top of the mine through lugs, to hold 
it in place. To one end of this rod a line is made fast, and to 
the end of the line a small wooden buoy is secured, intended to 
act as a signal buoy, the length of the line being so judged that 
the buoy will float a short distance under the water when the 
mine is planted. The buoy carrying the dry primer has a ring 
in its top to which a line, from the upper end of the rod operating 
the pawl on the reel for the anchor wire, is made fast. 

The depth of water is known, as is also the depth below the 
surface it is intended the mine shall float. Having the mine 
slung, pull up on the rod operating the pawl on the reel and 
allow the wire to run out to the depth of water, minus the depth 
below the surface the mine is to float; let go the rod and lower 
away gently on all. The mine is pulled down under the water 
and floats at the depth determined upon, while the small wooden 
buoy, acting as a locating buoy, floats about one foot under the 
surface. (Sketch.) 

The location of the line of contact mines was known, approxi- 
mately, before the surrender, and this knowledge was verified by 
the commanding officer of the Spanish gunboat “ Alvarado” cap- 
tured in the harbor. A small boat was used in raising the mines, 
and the work was carried on in the early morning on account of 
the light and smoothness of the water, which became rough later 
on in the forenoon and made it difficult to locate the signal buoys. 
Once on the range the boat was pulled slowly, with a number of 
watchers on each side. As soon as one of the small wooden 
buoys was sighted it was secured, and by pulling on the line 
steadily the pin running across the top of the mine, holding the 
cylindrical buoy, with dry primer attached, came out, allowing the 
latter to rise to the surface quickly. Attached to the ring in the 
top of the cylindrical buoy is a line which has its lower end 
made fast to the rod operating the pawl on the reel for the anchor 
wire. Pull up on this line, lift the pawl, and allow the wire to 
unreel until the mine comes to the surface. 

Lift the cylindrical buoy, with dry primer attached, in the boat, 
and you have nothing to deal with in the mine but a charge of 
forty-five kilos. of wet gun-cotton. By pulling up on the rod 
operating the pawl of the reel, and reaching down with a boat 
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hook, the bight of the anchor wire was secured and the anchor 
weighed. A line was then made fast to the mine and it was 
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SECOND METHOD. 











FIRST METHOD. 
METHODS OF DRAGGING FOR SUB-MARINE MINES IN CHANNEL BETWEEN PLAYA DEL ESTE AND CAIMANERA. 
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towed ashore and hauled up on the beach. The work of recover- 
ing eight of these mines required less than a day. This method 
of recovering contact mines presumes, in the beginning that their 
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location is fairly well known, as, otherwise, the plan of sweeping 
for them with two boats must be carried out, as was done by 
the Marblehead and Dolphin at Guantanamo. 

The work of sweeping for the mines at Guantanamo was done 
at a time when those engaged in it were likely to be subjected to 
the fire of Spanish riflemen in pits on the left bank of the channel 
leading up to Caimanera. These pits were covered by the guns 
of the two ships whose boats were engaged, whilst the pulling 
boats, in tow of the steam launches, also contained riflemen. 
The general plan was to sweep with the chain, and line between 
the boats as indicated in the sketch, and when a mine was 
secured, place wedges between the body of the mine and the 
contact arms, as a precautionary measure, until the dry primer 
could be taken out. 

Before leaving the subject of contact mines I wish to say that 
I discovered an appendage to some of those recovered which I 
was at loss to understand. This was a small cylindrical bouy, 
about five inches high, and about eighteen inches in diameter, 
and was attached by a line to the rod operating the pawl of the 
reel for the anchor wire. It apparently had been intended to act 
as a buoy in the original design, but, as found at Santiago, there 
were holes punched in its sides, as though by a nail, and the 
result was that instead of acting as a buoy, it had an appre- 
ciable weight to it and pulled down on the rod to which it was 
attached, thus assisting the sprirg to hold the pawl on the 
toothed wheel. On some of the mines this was missing, and its 
office on those where it was found seemed to be of very little 
importance. 

During the latter part of June a plan for countermining the 
channel leading into Santiago was developed and approved by 
the commander-in-chief; the officers who had volunteered to 
carry out the scheme reporting everything ready on the first of 
July. 

The destruction of the fleet, the surrender of the Spanish army, 
and other incidents made it unnecessary to carry out the plan as 
developed, but it is simply noted here that the plan was after 
the accepted ideas of all nations, that is, to explode simultane- 
ously, a number of heavy mines, containing about five hundred 
pounds of gun-cotton in the mine field. These mines were to 
have been dropped in succession from a boat, towed by a fast 
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launch or steamer, and the whole exploded as the last mine 
reached the bottom. The explosion of a countermine of five 
hundred pounds of gun-cotton will destroy all mines within a 
radius of from two to three hundred feet, and the practical appli- 
cation of the proposed plan had every chance of success. 

The mine fields were well protected by many rapid-fire and 
machine guns secreted on the Socapa side of the entrance; the 
guns and carriages being painted the same color as the earth, 
and almost entirely covered with brush. Between Puntilla and 
Cay Smith the Reina Mercedes lay in the cove, protecting the 
line of contact mines, whilst Punta Gorda battery could fire 
straight down the harbor. Added to this, the brush on each side 
of the entrance was thick with concealed riflemen. 

Nature had done everything to assist in the protection of the 
channel, the electrical mines were of the most approved type, and 
the contact mines, if properly attended to, were dangerous to an 
enemy. But the very best of tools, if placed in the hands of 
inexperienced or indifferent workmen, will seldom give good 
results, 

The mines in the entrance were said to have been planted by 
the officers of Admiral Cervera’s fleet, and there were many evi- 
dences of the hurry with which they were put down. Lieutenant- 
Commander Delehanty, who commanded the “ Suwanee,” and 
who lifted the observation mines with his ship, says: “ None of 
the mines were recovered intact. The connections were, as a 
rule, broken, the dry primers drowned out, or the mines par- 
tially exploded.” 

In many places the coverings of the branch cables were chafed 
off, and some of the strands of the wire bare; the result, no 
doubt, of paying the cable over the gunwale of the boat used in 
planting the mines. 

The maxim, “that insulation is for the purpose of making 
electricity go where we want it to go,” had evidently never oc- 
curred to the officers engaged. 

In one electrical mine recovered, there was evidence of a 
partial explosion, which did not show at the surface of the water. 
The bottom of the mine was partially blown away, leaving about 
one-half of it intact, and inside the mine was a large quantity of 
wet gun-cotton, which rolled out of the hole in the bottom as the 
mine was lifted and lowered into the launch alongside of the 
“ Suwanee.” 

42 
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In firing exercise spar torpedoes at the torpedo station, the 
writer has seen it frequently happen that a leak in the top of the 
case would admit enough water to prevent a detonation, but the 
case would be ruptured and the torpedo, on recovery, would show 
that the detonator had gone off, but that the dry primer had 
become damp or wet. A careful examination of the mines recoy- 
ered seems to indicate that one of the small, and almost insig- 
nificant points connected with the preparation of mines had 
been entirely ignored. I refer to the method of securing the 
stuffing-box to the top of the mine. The fact that so many 
mines had the dry primers drowned out, together with appear- 
ance of the stuffing-box, proved that, instead of screwing down 
gradually on the nuts, securing the stuffing-box to the mine, so 
that the flange would take equally all around, one side was 
screwed down tight, and then an attempt was made to screw 
down the other side. Experience proves that this is not always 
possible, and I believe that this accounts in a great measure for 
the failure of most of the mines. 

Another point was that the mines seemed to be placed too 
close to each other. Taking the length of channel to be guarded, 
and considering the fact that five hundred pound mines may be 
destroyed, if within three hundred feet of each other, it appears 
that these were too close, and the detonation of any one of them 
would, if it did not detonate the others next to it, at least, de- 
stroy their electrical connections and render them absolutely 
useless. This did happen at Estrella, and I believe also at Inner 
Socapa. The mines that were fired at the Merrimac utterly 
destroyed the connections of the three that were left at Estrella. 

To get the full effect of a mine a ship must naturally be over it, 
but this can seldom be brought about unless two control stations 
are occupied. After the Merrimac sank, all but one of the sta- 
tions at Santiago were abandoned, and therefore it would have 
been a stroke of extremely good fortune had a mine been deton- 
ated at the exact moment when a ship was over it. Experiments 
have, however, been made to determine the horizontal distance 
at which an armored vessel would be vitally injured by different 
charges of gun-cotton in mines, the following being the results: 


Mine. Submergence. Dist. horizontally. 
150 lbs. Io to 15 feet. 4 feet. 
250 lbs. 30 feet. 10 feet. 


500 Ibs. 60 feet. 15 feet. 
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This last corresponds nearly with the conditions existing at San- 
tiago, but with the faults in the circuits, and the other attending 
difficulties, it is scarcely likely that these figures would have been 


reached. 


CONCLUSION. 


Contact mines of the type encountered at Santiago and Caima- 
nera are liable, from the growth of barnacles, to become very 
much impaired as regards the operation of their different parts, 
especially the contact arms. This growth forms so rapidly in the 
warm water of the tropics that in a very short space of time it is 
sufficient to prevent the arms from driving the plungers in far 
enough to break the vial containing the sulphuric acid. They 
therefore require constant attention, and from observation it 
seems that, to make them effective, they should be raised and 
cleaned about once in three weeks. The examples of the Texas 
and Marblehead picking up on their screws mines of this descrip- 
tion, are sufficient to illustrate the harmless condition to which 
they may revert, no matter how good they may be when planted. 

Had due care been exercised in planting the electrical mines, 
and a fair amount of attention paid to the contact mines in San- 
tiago harbor, no ship could have passed the two fields. But the 
well-known character of the people who planted and attempted 
to operate them accounts, in a great measure, for the condition 
in which they were found. 

The moral effect of a mined harbor is tremendous, and the 
question of risking valuable ships is of vital importance. What 
would have happened to a ship attempting to run the mine field 
is problematical, but the chances were that she would have been 
sunk, for, notwithstanding the number of bad mines encoun- 
tered, enough good ones were left to destroy her. 

The electrical mine was perfect in type and design, and had 
it been properly planted and cared for the protection given by it 
to the entrance would have been absolute. 

The lesson to be learned is evident:—mines cannot be planted 
hurriedly and carelessly, allowed to remain without attention, 
and then be expected to give theoretical results. 

Officers of Admiral Cervera’s fleet stood watch in the control 
stations at Santiago, and must, naturally, have been alert and 
attentive to their duties, so that in considering the matter from 
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all sides the facts which come home to us are these: The theoreti- 
cal knowledge of those who selected the firing stations, planted 
the mines, and weighed the question of properly defending the 
channel was fairly perfect, but in the vital point of a practical 
knowledge of how to prepare and plant these mines they were 
deficient. 

It does not require much of an argument to convince us all 
that practical education in this particular branch of our profes- 
sion is what the service needs. The details, at times so seem- 
ingly insignificant and unimportant, are just the trifles which 
make success or dismal failure. In a mine defense one cannot 
admit, for an instant, that there is a chance of failure, for it must 
be so perfectly installed that it may be counted upon with perfect 
confidence. This is feasible and possible, and a course of training 
would, in a short time, make the members of our service masters 
of the important details, without which knowledge no assured 
success can be expected in either mine defense or countermining. 
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PYRO-COLLODION SMOKELESS POWDER.—PART II. 


By Prorgessor D. MENDELEEF. 
(Translated from the Russian by Lieutenant Joun B. BERNADOU, U. S. N.) 





The “combustion ” of a powder is the union of the carbon 
and hydrogen of the mixture or compound with the oxygen that 
it contains, and with which it is in association, but not in direct 
combination. From what has been said already, it is evident 
that if the powder is to be smokeless and produce the maximum 
volume of gas, V 599, it must evolve no other gases than carbonic 
oxide, CO, water vapor, H,O, and nitrogen, N,. If hydrogen 
be evolved, without the formation of the corresponding quantity 
(equal volume) of carbonic acid, free carbon may result; i. e., 
the powder will not be wholly smokeless on account of insuf- 
ficiency of oxygen. If the combustion, as indicated by the equa- 
tion, reveals carbonic acid or free oxygen (without the corre- 
sponding volume of hydrogen), an excess of oxygen is evident, 
and V 99. will not possess its maximum value. 

We have, therefore, in the case of a composition or mixture 
C,H,,,N,O,, the maximum volume V,.., for typical smokeless 
combustion, corresponding to two conditions: (1) When the con- 
tent of oxygen, r, is just sufficient to convert the carbon into 
CO, and the hydrogen into H,O, z. ¢., when r = n + m; (2) when 
the content of hydrogen is relatively great, as Vio, for H,O 
equals 111.1, i. e. more than for nitrogen and for carbonic oxide, 
for which V’,... = 299° — 71.4. Moreover, all substances of the 
composition C,H,,N,O,, , will develop volumes between 71.4 
and 111.1, if the decomposition products be CO, N, and H,O 
alone, as is required for rendering V49., a maximum. Our prob- 
lem becomes, therefore, the comparative examination of those 
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bodies rich in hydrogen, for which V’,,., may be greater than for 
pyro-cellulose (81.5). We must ask: Are there not known sub- 
stances, or mixtures of substances, rich in hydrogen suitable for 
smokeless powder? ‘To answer this query, let us examine various 
definite compounds and mixtures. 

Among the carbon compounds a large content of hydrogen is 
characteristic of methane (marsh gas) CH,; among the nitrogen 
compounds, of the ammonium derivatives. 

Hydrocarbons of the limiting (saturated) series C,,H,, , ,* form 
nitro-compounds, and may, therefore, produce explosives. To 
methane itself, CH,, correspond mono-nitro-methane, CH, 
(NO,); di-nitro-methane, CH,(NO,),; tri-nitro-methane or nitro- 
form CH(NO,),, and tetra-nitro-methane C(NO,),. These sub- 
stances are volatile as well as explosive, but all represent a 
deficiency or an excess of oxygen. As shown by V. Meyer and 
Professor Zalinski, the explosive properties of mono-nitro- 
methane are especially great when it is combined with potassium 
or sodium to form the metallic salts, CH,KNO,, CH,NaNO,, 
which represent, so to speak, first homologues of the salts of 
nitric acid, since CH,NaNO, — NaNO, equals the homologous 
difference CH,. Experiment shows that this substance belongs 
to the category of detonating explosives, and is, therefore, un- 
suitable for use in guns (but suitable for mines). 

If the decomposition proceeds without formation of free carbon 
(although there be but little oxygen) it should be as follows: 


2CH,NO, = 2CO + 2H,O + H, + N,. 


If it be thus, then V,,.., = 98.3, which is very great. But, as 
has been said, the substance is unfit for use in guns on account 
of its tendency to detonate. Besides, like other nitro-methanes, 
it is volatile, and for this reason is further unadapted. 

The little known, but doubtlessly explosive di-nitro-methane 
contains an evident excess of oxygen, developing on combustion, 
CO, + H,O + %0,+N,, which corresponds to the relatively 
small volume V,.., = 66. It is evident that the excess of nitro- 
gen and of oxygen combined with it in the NO,, according to the 
known principle, does not increase but rather diminishes V ,o0- 


* See “ The Principles of Chemistry,” by D. Mendeléef, Ed. 1801, Long- 
mans, Green & Co., London, Vol. I, p. 344. J. B. B. 
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The same is true for nitroform, CH(NO,), = CHN,O,,7 and for 
tetra-nitro-methane, whose discovery is due to the skill of our 
eminent savant, L. N. Shishkov, both of which contain too much 
oxygen to develop maximum gas volume. A large value of 
V 109 Would be characteristic of mixtures of products of nitration 
and of hydration (substituting the water radical for hydrogen, 
—H-+ OH) derived from methane, as 


4CH,NO, + CH,N,O,= 5CO + 7H,O + 3N,* 
weight 4.61 + 106=5.28 + 7.18 + 3.28= 350 
volume of gases 5.2 +7.2 +3.2 =30 
Vico = 85 - 


or 


Nitro-methane. Methy! alcohol. 
4CH,NO, + CH,O=5CO + 8H,O + 2N, 
weight 4.77 + 32=5.28 +8.18 +2.28= 340 
volume= 5.2 +82 +2.2 =30 
Veo = 88.2 , etc. 

But such mixtures, although possible from the chemical stand- 
point, are unsuitable for use as powder, as their constituents are 
in part volatile; and this, apart from the consideration that liquid 
explosives are liable to detonation, which is more to be dreaded 
than formation of smoke, as detonation destroys the guns. 

Among the closely allied derivatives of methane as a hydro- 
carbon rich in hydrogen, the development of a large gas volume 
may be looked for from substances presenting the composition 
CN,H,O,. Such a composition is possessed, for example, by 
the mixture of a molecule of formic aldehyde (or of one of its 
numerous polymers) CH,O, with ammonium nitrate, NH,NO,, 
or the hydroxyl derivative of methylamine (i. e. CH,NH, in the 
form CH,(OH)NH,) in combination with nitric acid, HNO,. 


t As the typical decomposition of nitroform, we have— 
4CHN,O. = 4CO, + 70; + 2H:0 + 6N: 
weight 4.151 = 4.44 +7.32+2.18 + 6.28 = 604 
volume 4.2+7-2 +2.2 +62 = 38 
*The mixture 7CH, + 3C(NO:), presents such a composition, etc., 
but they are all as practically unsuitable for powder as mixtures of mono- 
and di-nitro methane. 
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The typical decomposition of such a compound, if realized, 
would be expressed by the equation: 
CN,H,O, = CO + 3H,O+ N, 
weight 110=28 +3.18 +28=I110 
gas volume =2 +3.2 +2 =10 
Vice = 90-9. 

But such a compound either cannot be produced, or else is 
attained only with great difficulty; or, as a mixture of ammonium 
nitrate with the polymers of formic aldehyde (e. g. glucose, 
C,H,,O, =6CH,O) develops undesirable qualities, such as 
hygroscopicity, a characteristic of all mixtures containing am- 
monium nitrate, and is therefore unsuited for use as smokeless 
powder. 

Hence, after searching through all the possible combinations of 
the simplest derivatives of methane, we are unable to find among 
them (as also among substances containing no carbon) any suit- 
able for employment in practice as smokeless powder, although 
we find compounds developing larger volumes of gas than pyro- 
collodion, which may prove suitable for use in mines. 

If we turn from substances containing one atom of carbon to 
those with two, three, etc., atoms to the molecule, we shall find, 
other conditions being the same, smaller values of Vy, the 
volume decreasing the farther the limit is departed from, as is 
illustrated in the following table of possible, little volatile, com- 
pound ethers of nitric acid* and their hypothetical nitro-com- 
pounds, corresponding to the series of alcohols, C,H,,(NO,),. 


3C3H,(NO,), + 2C,H,O, Viooo= vss 1000 = 86.2 

C,H,(NO;), « = yy 1000= 84.3 

C,H,(NO,),+ 4C,H,(NO,)(NO,), “« = $$, 1000= 83.7 

C5H,.(NO ). + 4C,H,(NO,),(NO,), « = d8, 1000 = 82.7 
etc., etc. 


The possible, yet up to the present, hypothetical, nitric ethers 
of nitro-glucol, although capable of developing large values of 


* Considered by themselves these ethers of diatomic limiting (saturated) 
alcohols C,H,,(NO;), consume into CO and H;O only for n=3. For 
greater values of n there is a deficiency in oxygen; for n = 2, an excess. 
We have chosen them as an example on account of their slight volatility, 
and because they approximate in composition to nitro-glycerine and nitro- 
mannite. 
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V oo, and adaptable on account of their non-volatility, possess 
no advantages over derivatives of the higher alcohols, such as 
glycerine and mannite, materials that are readily obtainable, as 
they are widely disseminated throughout nature. We shall there- 
fore fix our attention upon the latter; first, as they present in 
their analogues substances extremely rich in hydrogen, capable 
of producing large values of V99.; second, because they are easily 
reacted upon by nitric acid, forming the explosive compound 
ethers, nitro-glycerine, C,H,(NO,), = C,H,N,O,, and nitro-man- 
nite, C,H,(NO,),O, = C,H,N,O,,. Both of these nitro-deriva- 
tives are easily prepared. The former was first employed as an 
explosive by the renowned Russian chemist N. N. Zinin, at the 
time of the Crimean war, and subsequently by V. F. Petrushevski 
in the ’sixties, before the discovery and very general employment 
of Nobel’s dynamite and other nitro-glycerine preparations; the 
cause of their general use being the ease with which the base 
material—glycerine—was obtainable in nature, while the reaction 
with nitric acid (admixed with sulphuric) was easily effected; 1. e., 
the manufacturing process was a simple one. 

Nitro-mannite, isolated and investigated by N. N. Sokolov, 
professor at the Medico-Chirurgical Academy, is also easily pre- 
pared, but not in its lower degrees of nitration. This circum- 
stance is important for the reason that the readily manufactured 
nitro-glycerine and ‘nitro-mannite are not themselves available for 
use in guns, although very well adapted for detonating effects. 
They correspond, moreover, to relatively small values of Vy999, as 
they contain an excess of oxygen: 


C,H,(NO,), affords Vie = 63.9 
CsH(NO,), “ Vigy=619. 


But as these substances contain an excess of oxygen, they may 
be admixed with others containing a deficiency thereof, which 
they consume, evolving carbonic oxide, and developing relatively 
large volumes, V’,..,; while by admixture with such substances 
low in oxygen, or not containing it, their detonating qualities 
may be caused to diminish, or made to vanish, as in dynamite, by 
combination with an inert base (tripoli, magnesia, etc.), whereby 
the tendency of nitro-glycerine to detonation through shock is 
diminished. In this manner, by admixture with a combustible 
substance, nitro-glycerine powders are formed. If we take Cor- 
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dite as an example, we find that on account of its excess of 
oxygen it produces a relatively small gas volume; we may, there- 
fore, select a mixture of nitro-glycerine and collodion (assumed 
as (C,H,(NO,),O,) such as Ballistite and determine for it V,,,, 
on the assumption that it shall develop only CO, H,O and N,. 


2C,H;N,0, + 7C,H,N,O, = 48CO + 33H,O + I10N, 
weight 2.227 + 7.252 = 48.28 + 33.18 + 10.28 = 2218 
volume of gases= 48.2 +33.2 +10.2 =182 
V 000 = 82.1. 


Therefore, if nitro-glycerine powders contain only the quantity 
of nitro-glycerine necessary to produce H,O and CO, then the 
volume of gases evolved by them is almost the same as that 
developed by pyro-collodion. It is evident, then, that neither 
nitro-glycerine, nor its mixtures when employed as smokeless 
powder, evolve volumes of gases greater than pyro-collodion, 
and that admixture with other substances, of whatever kind they 
may be, although homogeneous from the mechanical standpoint, 
are still far less homogeneous than any single substance, and that 
it is useless to seek for nitro-glycerine powders capable of exceed- 
ing pyro-collodion powders in point of magnitude of V 1995, apart 
from other considerations. This applies also to nitro-mannite, 
the source of preparation of which is far less common than gly- 
cerine, and to many of the hydrocarbons analogous thereto, as 
glucose, starch, cellulose, etc. If all of the six atoms of carbon 
in mannite are in the same combination as in the limiting (satu- 
rated) alcohols: 


C,H,,0, = 
CH,(OH) CH(OH) CH(OH) CH(OH) CH(OH) CH,(OH), 


then in glucose, C,H,,O,, one atom of carbon should be com- 
bined as in aldehyde, 


C,H,,0, = 
COH CH(OH) CH(OH) CH(OH) CH(OH) CH,(OH), 


and, therefore, if mannite represents a hexa-nitrated product 
(compound ether as derived from an alcohol) glucose represents 
only a penta-nitrate. Materials such as cellulose, starch and 
the like, of composition C,H,,O,, may be regarded as the pre- 
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ceding alcohols,—anhydrous, arranged as follows with reference to 


the di-alcoholic groups, 

: CH CH, 
C,H, 9, = COH CH(OH) CH(OH) CH(OH)—___— 
O 


whereby it appears that there are only three complete alcohol 
groups remaining out of the six in mannite. Therefore, in the 
latter case, we should expect to find only tri-nitrated products, 
which is actually what occurs. If such a scheme throws light on 
the matter from one standpoint (as relates to the number of 
hydroxyl radicals giving rise to nitric ethers) it illuminates it 
obliquely from another, which is of considerable importance 
to us. In all aldehydes, beginning with the formic and acetic, 
a tendency to polymerization is to be noted, due, doubtlessly, to 
the property of aldehydes of entering into various combinations 
(with H,, O, NaHSO,, etc.); whence the composition C,H,,O,, 
containing an aldehyde grouping, should also possess this prop- 
erty, as far as relates thereto. We may, therefore, safely assume 
that the molecular composition of cellulose, judging from its 
properties, is polymerized, i. e. it is of the form C,,H,,,,O,,,, where 
n is probably very great. If we assume nm = 5, the cellulose be- 
comes of composition C,,H,,O,,, and, for the highest degree of 
nitration, C,,H,,(NO,),,O.,;. But pyro-cellulose has a composi- 
tion C,,H,,(NO,),.O.,; therefore, the number of independent 
nitro-celluloses (nitric ethers) may be very large. 

This is very important in the conception that the nitration of 
cellulose may be carried up to any desired degree, and for known 
concentrations a mixture of nitric and sulphuric acid neither dis- 
solves nor reacts upon a product of nitration. Again, cellulose 
is the most widely disseminated in nature of all the hydrocar- 
bons possessing the composition C,H,,O,, constituting the tis- 
sues of all plants and prepared from time immemorial in great 
masses as cotton, flax, paper, etc., while its products of nitration 
present an unalterable material suitable for conversion into 
smokeless powder. This side of the matter needs no further 
elucidation, but it must be remembered that before the develop- 
ment of pyro-collodion it was stated that the higher the nitration 
of the cellulose the higher the explosive produced, and that in 
manufacturing powder from highly explosive nitro-cellulose (of 
composition about C,,H,.(NO,),,O,,, collodion (of composition 
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about C,,H,(NO,),.O.;) was added, for the reason that higher 
nitro-celluloses in the form of filaments or dust were easily deto- 
nated (whence their employment for mines), while the latter 
property was reduced or caused a disappearance after gelatiniza- 
tion, of which collodion was easily susceptible and for which pur- 
pose it was added. The introduction of pyro-collodion changed 
existing views upon the subject, showing that maximum force 
for nitro-cellulose was not to be sought from the highest degrees 
of nitration (i. e. for maximum content of nitrogen and oxygen), 
but that it obtained for that mean degree of nitration present 
in pyro-collodion. For the latter material V’,... = 81.5; while 
for nitro-cellulose of maximum nitration, C,H,(NO,),03;, Vso. = 
74.1. The above represents only one side of the theoretical inves- 
tigation of materials suitable for smokeless powder; but other 
considerations are also in accord, as will be shown later; and we 
have, therefore, gone considerably into detail, the more urgently 
since it has been necessary to struggle with prejudice, harmful to 
success in such a new field as that of smokeless powders. 

Among the possible materials proposed, apart from mixtures 
of such different bodies as ammonium nitrate and various organic 
substances (such mixtures were rejected in practice), must be 
considered the nitro-compounds corresponding to benzol and its 
derivatives, naphthalin, etc., as coal-tar constitutes an abundant 
source for their production in large quantities, and they are easily 
nitrated. From the class of the so-called “ aromatic compounds” 
derived from benzol, C,H,, it is useless to expect smokeless ex- 
plosives developing large volumes of V9.5, although many are 
high explosives, beginning with Méelinite or picric acid, 
C,H,(NO,),OH, which constitutes a powerful material, although 
far from the best, for torpedoes and explosive shells; and since 
some of the first smokeless powders were mixtures containing 
picric acid. The cause of the small gas volumes V’,... developed 
by the aromatic compounds is due to their composition, as they 
are all low in hydrogen. This view may be illustrated by a few 
examples. 

To benzol correspond bodies whose general composition may 
be expressed by the formula C,H, _,(NO,),. If a equal 1, 20r 3 
(these substances are known and easily obtained), the oxygen 
content is insufficient to consume the carbon into CO and the 
hydrogen into H,O, although explosion occurs with the formation 
of carbon (smoke, soot) and of hydrocarbons. 
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Total smokelessness could be realized from mixtures of highly 
nitrated products, as 
4C,H,(NO,), + C,H,(NO,), = 30CO + 6H,O + oN, 
weight: 4.258 + 168 = 30.28 + 6.18 +9.28=1200 
volume of gases = 30.2 +6.2 + 9.2=90 


V o00 = 75 - 


If, instead of such non-existing highly nitrated benzols, 
pyroxylene be employed (as in the American smokeless powders 
of Munroe and other inventors), a gas volume approaching that 
developed by pyro-collodion is realized. 
6C,H,NO, + 26C,H,N,O,, = 192CO + 106H,O + 42N, 

weight 6.123 + 26.297 = 192.28 + 106.18 + 42.28 = 8460 
volume of gases = 192.2 +106.2 +42.2 =680 
weight, Vo) = 80.4. 


The matter assumes a different aspect if ammonium nitrate 
NH,NO, be employed for converting the carbon and hydrogen 
of nitro-benzol into CO and H,O. This substance contains a 
large amount of hydrogen for a relatively small content of oxy- 
gen (but for this result a large amount of NH,NO, must enter 
into the mixture), and greatly increases the volume of gas devel- 
oped, as is evident from the following: 


2C,H,NO, + 13NH,NO, = 12CO + 31H,O + 14N, 
weight 2.123 + 13.80 = 12.28 + 31.18 + 14.28=1286 
volume of gases=12.2 +31.2 +14.2 =I14 
V 000 = 88.7 


But mixtures of this salt must always be avoided if a satisfactory 
smokeless powder is to be produced, as it is soluble in water as 
well as hygroscopic, and produces with viscous oily materials 
only coarse mechanical mixtures. 

Similar results are to be obtained from other aromatic sub- 
stances, and we may refer by way of example to mixtures of 
pyroxylene with picric acid, C,H,(NO,),OH, and _ nitro-naph- 
thalin, C,,H,(NO,), as such compounds have been recently ex- 
perimented with (but abandoned in practice) as smokeless pow- 
ders. Among other disadvantages, they develop smaller gas 
volumes, V’,,.., than pyro-collodion, on account of their relatively 
small content of hydrogen. 
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After an examination in the above manner of the composition 
and properties of all possible material capable of employment as 
smokeless powders, we arrive at the following deductions in rela- 
tion to the volume of gases (measured at given temperature and 
pressure), V,999, developed by their combustion: 

1. Only substances containing nitrogen, carbon, hydrogen and 
oxygen are capable of entire conversion, as required for smoke- 
less powders, into gases that do not react upon gun-metals. 
Hence all other explosive substances (e. g. fulminate of mercury, 
chloride of nitrogen, etc.) containing haloids, metals, phosphorus, 
etc., are unsuitable for use in gunpowders. 

2. When the combustion of carbon results in the formation of 
carbonic acid gas, CO,, a less volume of gas is formed than when 
carbonic oxide, CO, is the resultant product, and as the former 
requires more oxygen than the latter, the increase of oxygen or 
nitrogen (if, as is usually the case, the oxygen enters into com- 
bination with the aid of the elements of nitric acid) is injurious, 
instead of useful, although there exists full conversion into gases 
as is required for smokeless powder. 

3. The greater the quantity of hydrogen in the powder, other 
conditions being equal, the greater the gas volume, V ,»99, corre- 
sponding to the combustion of the powder, and, therefore, sub- 
stances derived from the limiting (saturated) series of hydro- 
carbons are more suitable than bodies of the “ aromatic” series 
for smokeless powders. 

4. Not any of those explosive materials not containing carbon 
(as N,H, NH,NO,), that evolve large volumes of gas Vy99. and 
decompose upon ignition, are such that will not detonate, 4. ¢. 
evolve their gases so rapidly that they crush the walls of guns; 
whence it is useless to consider them as materials adaptable for 
conversion into smokeless powders. 

5. Some of the materials containing but little carbon and much 
hydrogen may prove suitable for use as powders or powder mix- 
tures, evolving large volumes of gas upon combustion; but, so 
far as known, they are either volatile or liable to decompose spon- 
taneously and detonate, or else they are prepared with difficulty 
from mixtures not widely disseminated, so that at present it is 
useless to look for materials for smokeless powder from among 
them. 

6. Nitro-glycerine itself develops but a small gas volume 
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(V 1900 = 63-9) as it contains an excess of oxygen. It may be 
employed in mixtures to form smokeless powder, and its mix- 
tures with nitro-cellulose, such as Cordite and Ballistite, which 
are practically homogeneous from a physical standpoint, develop 
gas volumes Vjo99, a little less than that evolved by pyro-collodion 
(although such mixtures erode guns, as already stated). 

7. Cellulose, C,,.H,,,O,,, is a substance widely disseminated 
in nature and of general industrial employment; by its non-vola- 
tility, insolubility, durability, etc., and by the readiness with which 
it is nitrated (as it contains much hydrogen), it constitutes a 
superior base for smokeless powders. 

8 Among all the forms of nitro-cellulose capable of smokeless 
combustion, the maximum gas volume V,..5, corresponds to 
CyoHysNi2Ou (= 12.44 per cent. nitrogen), which is pyro-col- 
lodion, for which V jo, = 81.5, and which is capable of complete 
gelatinization in a mixture of ether and alcohol, in which form it 
is completely free from any tendency to detonate. In the first 
place, it is the most suitable of all the nitro-celluloses; in the 
second, it is the most rational and readily obtainable form of 
smokeless powder, destined to supplant not only other smokeless 
powders, but also to replace, by reason of its greater homogeneity 
and its combination of qualities, other pyroxylene powders. 

Pyroxylene powder is a mixture of nitro-celluloses, of higher 
nitration, such as C,H,(NO,),O, and of lower, as C,H,(NO,).O;; 
pyro-collodion is a definite homogeneous single form of nitro- 
cellulose. By changing the proportional relation of contents of 
the high, or insoluble, and low, or soluble nitro-cellulose, it is 
evidently possible to make the pyroxylene approach the pyro- 
collodion powders; but (as has been shown in recent years, espec- 
ially in cannon powders) the limit of improvement of these forms 
always falls short of pyro-collodion. The latter is homogeneous 
and unchangeable, while pyroxylene powders vary according to 
their composition. However, from its origin it is in no wise 
different from the perfected powder of Vieille (although consid- 
erably different from the original form thereof) presenting in- 
stead of a mixture, from the chemical and mechanical standpoint, 
a homogeneous limiting mass of the composition C,,H,,N,.O,,, 
which is required in order that the powder may create upon com- 
bustion the maximum volume of vapor and gases. It is certain 
that henceforth pyroxylene powder will continue to approximate 
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to the pyro-collodion until the two become identical. In brief, 
pyro-collodion represents the Russian limit of modification and 
improvement of the French pyroxylene powders, the development 
of which marked an epoch in ordnance progress, but which has 
not hitherto presented an invariable and constant relation of the 
elements entering into its composition. In this light pyro-col- 
lodion powder may well be styled Franco-Russian. Begun in 
France, it has been completed in Russia. 


! 
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DISEASES OF ELECTRICAL INSTALLATION IN THE 
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Fig. 31 is a correction to Fig. 17 which inadvertence in trans- 
S* « S / 

mission is made to represent a C. type engine. Fig. 17 properly 

represents a B. type engine and all references heretofore made to 


that figure should be referred to Fig. 31. 
I IXTURES. 


The contemplated changes in design are merely those in smaller 
details for better degree of water-tightness; the general idea of 
the devices seems to be in the main satisfactory. 

Portable—The most troublesome fixture, in sc far as continuity 
of service is concerned, is the very convenient and much used 
portable. The chief disadvantage of Portable No. 5, Fig. 32, 
is its want of water-tightness, for which a globe seems to be the 
only solution, and which has been introduced in the especial type, 
Portable A, shown in Fig. 33. A third type, Portable B, shown 
in Fig. 34, is now issued for coal-bunker use. 

Portable A is necessarily heavy and the globe can easily be 
broken. No. 5 is to be preferred for uses where water-tightness 
is not desired. 

Presuming a portable to be properly wired up (a job requiring 
much patience and a skillful hand) the lack of water-tightness, 
particularly for fire-room and double bottom use, where the 
fixture receives its hardest usage and is most exposed to mois- 
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ture, occasions many of the grounds that cause the flickering of 
the ground-detector lights and give rise to the remark, so often 
heard in dynamo rooms, that the ground-detector will generally 
announce the turning on of a fire-room portable. 

In practice the lack of water-tightness becomes but one of 
the evils which cause the grounds; the others are: 


1. The construction of the double conductor used. 




















FIG. 31. 


2. Mechanical injury by those using the portable. 

The concentric double conductor (hemp portable) heretofore 
in use has never assured good or efficient wiring; in fact, its 
greater flexibility may be a doubtful advantage over its difficult 
manipulation in overcoming grounds. Each strand was com- 
posed of 28 number 20 B. W. G. wires, so small and brittle that 
they easily fringed out in twisting, and, as one strand must be 
bared in order to wire up the socket, the fringe easily grounded 
to the metal base. At the plug end of the conductor another 
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difficulty presented itself in that the wires, when twisted, were so 
bulky as to prevent the contact screws from setting home and to 
the extent that the screw head had to be filed down (in order to 
enter the collar) and became too weak for good service. This is 
a common fault with this work when done on board ship. 

The latest construction has seven No. 25 B. & S. G. wires 
laid concentrically, which overcomes the fringing tendency; the 
excessive bulk of the twisted strands (under the contact screws 
of the plug) can be eliminated by splitting the strand into two 
parts and laying the parts flat under the screw-head. This 





FIG. 32. FIG. 33. 


method is much lost sight of when wiring is done on ship-board 
and is an inflexible rule for proper workmanship. 

Our original twin conductor, consisting of two insulated wires 
protected by braiding, is probably the best solution of the con- 
struction of double conductor, plain; it is less flexible as com- 
pared with other designs, but it is easy of manipulation, efficient 
and cheap. 

Mechanical injury by those who are using the portable mani- 
fests itself in the wholesale breakage of attachment plugs, amount- 
ing in one ship to sixty, in a period of four months. 
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Inserting a plug into its receptacle demands no skill; it 
simply requires that the plug be carefully pushed into place with 
one hand and secured by screwing on the collar with the other 
hand. As practiced, attempt is made to do both operations with 
the same hand, the rubber plug is twisted and broken, which 
short-circuits the lamp or occasions grounding to the receptacle 
box. It has been suggested that much of the breakage men- 
tioned can be avoided by constructing the plug of oak or other 
hard wood, a suggestion that is to be recommended and should 
be adopted. Breakage of attachment plug occurs as well wher- 
ever they are used for receptacles, but that of portable use is 
much in excess. 





FIG. 34. 


A peculiar instance of the use of attachment plugs was brought 
to notice in a complaint that those furnished the ship would not 
operate. It was found that the portables had been wired up to 
25-ampere plugs instead of to 5-ampere plugs. 

Referring to Fig. 35, it will be seen that the 25-ampere plug is 
not double pole and, therefore, it short-circuits the lamp when 
inserted in a 5-ampere receptacle. The lamp cannot burn and 
an unnecessary extra load to the dynamo is the result of the 
thoughtless error. 

Ceiling Fixtures—This type of fixture has its main fault in the 
scaling of the reflecting surface due to the heat of the lamp. 
Properly this reflecting surface should be a hard enamel on iron, 
a construction now quite common. 
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The reflecting surfaces can be kept in efficient order by the 
occasional use of enamel paint; this paint is cheap, is common 
commercially and serves another good purpose as a means of a 
touching up the outside of the rings of silver fixtures when the 
plating becomes worn. 

Bronze rings, junction boxes, switches, etc., are best kept in 
neat order by the use of black varnish or asphaltum applied at 
least once a quarter. 

Wires to ceiling fixture sockets should never be led through 
holes bored in the side of the socket as such practice vitiates the 
water-tightness. 


5 Simp Plug. 23 Amp. Pbug. 
Horizontal Section Horizontal Section. 





a Ware Rutter.” 





Ena Section Ena Section. 
FIG. 35. 





To insure against the admission of moisture care should be 
taken that the globes are always screwed firmly against their 
rubber rings. Frequent cases of corrosion of sockets and con- 
tacts occur from neglect of this injunction. 

Steam-tight Fixture—The usual difficulty with this fixture is 
abnormal breakage of globes due to want of provision of guards 
in exposed locations. The guarded fixture should always be in- 
stalled where there is the slightest liability to accident or mechan- 
ical injury and is practically imperative in boiler and machinery 
spaces, their connections, and where tools are to be used. The 
nature of the use of this fixture makes it an especial case of a 
tight fit of globes against their rubber rings. 





HM 
‘ 
HH 
if 








622 DISEASES OF ELECTRICAL INSTALLATION, 


Diving Lamp.—This device has usually met with many diff- 
culties. It is particularly exposed to short circuit from breaking 
of insulation due to the rough handling by a diver who is other- 
wise much encumbered. 









































FIG. 36. 


Fig. 36 shows the present fixture with its incandescent lamp 





of 150 c. p., and also a spring device which has proved suc- 
cessful in preventing nips, which cause the breakage of insulation 
at the handle of the lamp, at which point the ground or short 
circuit occurs. 

Bulkhead Bunker.—The two difficulties met with are breaking 
of the glass and want of water-tightness, the latter usually the 
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result of the former. The difficulty has never been overcome 
and can probably only be remedied by a new design. The expe- 
dient of securing the globe flange with felt and red lead does not 
make a water-tight joint as the mass hardens and breaks away 
from the glass. It seems necessary that the globes should be 
jointed with rubber rings and to accomplish this the flanges must 
be truly parallel, a matter almost impracticable with glass-makers ; 
grinding the flanges to parallelism breaks the skin of the glass 
and introduces a plane of weakness just as breaking the skin of 
a rolled shaft weakens the shaft at that point. The present design 

















FIG. 37. 


of globe is advantageous on account of the better dispersion of 
light. 

The better distribution of these bunker globes will in the future 
remove many troubles of bad lighting that have been complained 
of by the engineers, especially near the doors leading into the 
fire-room. Portable B will afford much assistance in this respect. 

A new type of fixture, shown in Fig. 37. is installed in the 
Chicago. 


Desk Light—The present pattern seems to fulfill a majority of 
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the needed requirements. Present specifications require that cup 
hooks and a new hook of square section shall be provided in 
convenient places for hanging the light. 











FIG. 38.—DOUBLE TRUCK LIGHT. 


Truck Light.—Fig. 38 shows the present type in use; the masts 
to be provided are mentioned in the specifications. 

This light is a continual source of repair, not in the fixture 
itself but in the wiring on the mast. The source of the difficulty 
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can commonly be found in the connections on the topmast near 
the light, or in those of the receptacle box placed at the bibbs or 
near the top. 

The leads for truck lights should in all cases be double con- 
ductor, plain wire led in conduit to the receptacle box. The 
topmast lead should be in a score in the back of the mast (espec- 
ially in those ships in which the topmasts do not house) and 





FIG. 39. 


should be carefully covered in. Objection has been made to 
scoring topmasts on account of the tendency to weaken the mast, 
but the objection cannot be considered to be well taken in this 
connection and would certainly alleviate, if it did not remove, the 
great majority of the difficulties met with. The wiring is other- 
wise much exposed to weather. 

One of the recent improvements in truck light manipulation 
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has been the introduction of a controller, located on the bridge, 
by which both the lights of both masts can be operated from the 
same pedestal by a single lever. It is shown in Fig. 39. It is 
practically free from the effects of weather on the connections. 
Mechanical Engine Room Telegraph. (Annunciator.)—-The 
method of lighting with oil has been unsatisfactory, and many of 
the fixtures have recently been improved by leading wires to a 
receptacle on the pedestal and using an electric light which is 
designed to fit in the slide provided for the lamp. The design 
is shown in Fig. 40. The lamp used in this fixture is 5 c. p. at 


So volts. 





FIG. 40. 


Electroliers—These fixtures have been provided as a relief to 
the inefficient lighting over ward room tables; a two-light fore- 
and-aft branch will be found most satisfactory. Drop lights 
should ordinarily be desk lights; a two-branch bracket will prove 
a satisfactory reading light. 

Battle Lanterns and Deck Lanterns.—The difficulties usually 
complained of are found at the plug (as explained under portable) 
and grounds in the exposed receptacle boxes; the fixtures them- 
selves rarely give trouble with reasonable wear. 

Fig. 41 shows the present type of battle lantern on its bracket 
with the hook for the bight of the conductor. 
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Search Lights—The first fault of search lights resides in the 
use of an inclined lamp. 

1. From the weight which is required to be lifted by the 
“ striking arc ” (series) magnet in excess of its real function of 
merely separating the carbons. Any mechanical resistance which 
is introduced, such as friction, dirt from carbons, etc., interferes 





FIG. 41. 


with successful working; the series magnet is unable to separate 
the carbons, and a prolonged short circuit with small resistance 
ensues which overloads the dynamo or fuses the main contacts in 
the pedestal. 

2. The fragile lava insulators continually break, short-circuit- 
ing the system. While lava is, perhaps, the cheapest and most 
efficient method of insulation, the numerous types of washers 
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necessary to the device continually break and are very trouble- 
some to replace, proving a continual source of annoyance. 

3. Fusing of the contact plungers of the pedestal whose office 
is to make connection from the contact rings of the base to the 
main contacts for the lamp. When this fusing takes place the 
pedestal becomes locked and cannot revolve. It is commonly 
caused by the non-separation of the carbons, either from failure 
of operation of the mechanism or the adherence of the carbons 
due to the formation of a mushroom on the negative carbon. 

The mushroom appears as a small protuberance on the end of 





FIG. 42. 


the carbon and is of a pasty consistency. It can readily be re 
moved by the edge of a file or screwdriver and ordinary attention 
to the working of the lamp should guard against its formation. 
In most cases the carbons will adhere if a mushroom forms. 

The remedy for the fusion of plungers is shown in Fig. 42, 4 
method of repair that has been successfully practiced in several 
ships. It consists of a phosphor bronze spring, A, in which are 
set brass blocks or brushes, B, the springs being secured to 
micanite insulators. The brushes take against the contact rings 
in the base of the pedestal and afford a much larger contact 
surface. 
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In the latest projectors the contact rings are made a part of 
the pedestal, the plungers being placed in the base; this relieves, 
though it does not obviate, the difficulty. 

The inclined lamp has been replaced by a horizontal type, 
constructed somewhat on the Schuckert principle. Figs. 43 and 
44 show two views of the latest type for 30-inch, type H, pro- 
jectors. The design is similar for all projector sizes. Newer 


designs show slight changes in mechanical construction. 

















FIG. 43. FIG. 44. 


The springs, A, take current from leads to the contact rings 
of the pedestal (to the plungers in older types), the path of the 
current being shown in Fig. 45. 

The carbons are secured in clamps, B, on supports, C, the 
supports being movable in guides of the frame and controlled by 
screw-bars, Dand E. The larger clamp is for the positive carbon, 
in which the crater is formed and which will therefore be the 
farther clamp from the projector mirror. F is the automatic 
feed, shunted from the lamp leads, having an electromagnet, G, 
which controls the armature, H, and which in turn operates the 
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screw-bars D and £, through a pawl ratchet and gearing, J, when 
the voltage in the magnet is above 50 to 52 volts. K is the series 
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striking arc magnet which operates only when the current 3 
much in excess of that required for the lamp. A lug on is 
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armature embraces the screw-bar, D, between two collars, the 
screw-bar having a small play at L, which is independent of the 
control of the automatic feed. Owing to the gearing the screw- 
bar, D, revolves but one-half as fast as E. The screw-bar, £, can 
be turned by a crank socket-wrench, which is removable and can 
be fitted on a square post at the rear end of the lamp. [Figs. 43 
and 44 do not exactly correspond to Fig. 45 owing to differences 
of construction of the two constructions represented. | 

The method of operation is this: 

The carbons are adjusted by the crank-wrench to a separating 
distance of about half an inch. The automatic switch, /, should 
now be closed. The main switch is closed next and, as no cur- 
rent can pass until the carbons touch, the voltage across the 
carbons up to that moment must be 80 volts. The shunt magnet 
(called the feed) commences to vibrate, the voltage being greater 
than 52 volts, and feeds the carbons together by means of the 
pawl and the gearwheels of the screw-bars. When the carbons 
touch a heavy momentary current passes (since the resistance is 
small and voltage at 80), the armature of the striking arc magnet 
is attracted, pushes back the negative screw-bar and forms 
(“strikes”) the arc. The resistance of the rheostat causes a 
drop of from 20 to 30 volts as soon as the current passes, and 
should be adjusted by the lever to the voltage necessary for 
running the lamp without flaming and hissing.* The voltage 
required in practice is usually from 45 to 49 volts; the feed will 
frequently operate at 50 volts. The working current for the 
lamp varies with the size of the lamp and, incidentally, with the 
size of the carbons; it is as great as 75 to 90 amperes for the 
30-inch projectors, and from 25 to 35 amperes for the 18-inch 
type. 

There is often some flaming of the carbons which cannot be 
controlled by the rheostat; it is unimportant except from the 
fact that it decreases the intensity of the light; it will usually 
disappear of itself. Horizontal lamps have a tendency to flame 
at the upper edge of the crater, thereby forming the crater on the 
upper edge of the positive carbon and distorting the reflection; 
this tendency is corrected in our projectors by a horse-shoe 
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The rheostat forms a dead resistance in the line, causing a drop (cur- 
rent multiplied by resistance) equivalent to 30 volts, at which 10 volts are 
adjustable by the rheostat lever. 
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magnet, attached to the diaphragm in the projector, which draws 
down the arc by magnetic attraction. 

Some hissing will occur when starting up, especially with new 
carbons, and the lamp will not quiet down until a good crater 
has been formed in the positive carbon. This can be obviated by 
reaming out a crater in the positive carbon with a penknife before 
putting it in the clamp. 

Flaming and hissing are promoted by inferior carbons and 
are much increased if the carbons have absorbed oil. Those now 
provided are of the Schmelzer manufacture and are very homo- 
geneous; the positive carbon is usually bored axially and cored 
with a soft carbon, which materially assists in maintaining a good 
crater. Negative carbons are sometimes cored, but it is an open 
question whether this expedient does not conduce to the forma- 
tion of mushrooms. 

Heretofore the carbons were furnished in paper-covered pack- 
ages which exposed them to moisture and oil, which are readily 
absorbed by the porous material; they are now packed in tins 
and should be kept covered and stowed in the store-room. 

The momentary current of short circuit, when the carbons 
touch, is ordinarily heavy and quite sufficient to throw the 
pointer of the ammeter clear across the scale and against the 
stops; it need occasion no apprehension if it does not continue; if 
it does, the switch at the switchboard should be quickly opened. 
This current may be as much as 50 per cent. above the working 
current. 

Any abnormal current of the searchlight ammeter is usually 
traceable to either a mushroom on the negative carbon or care- 
less handling of the socket-wrench. In most cases of fusing of 
the contact plungers in the pedestal there has been direct evi- 
dence of an atempt to regulate the feed by hand when the 
automatic gear was switched on. If the lamp does not feed it is 
for the reason that there has been a burn-out, or that the lamp 
itself is not clean, and in 90 per cent. of the cases dirt is the 
cause; any attempt to remedy matters by use of a socket-wrench, 
while the current is on, is quite sure to short-circuit the lamp 
and produce overload. 

As a rule it is better to set the carbons before operation and 
permit no use of the wrench except in focussing; no matter how 
good may be the man who ordinarily manages the projector some 
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other man is quite sure to come along and do the mischief; it is 
the other man who is so untraceable in accidents. The auto- 
matic feed is a very desirable expedient and will give good report 
of itself if not impeded by an impatient use of the socket-wrench. 
There is rarely any occasion for using the wrench on the screw- 
bar after the lamp is in operation. 

The key to good search-light operation and management is 
thorough cleanliness in all the parts and frequent opportunity 
for practice by those who are not ordinarily called upon. 

The mirrors will spot or frost in time; the action is much 
hastened on board ship by the practice of exposing them to the 





FIG. 46. 


rays of the sun while drying out the barrel. There is nothing 
that will so quickly ruin the silvered surface of a mirror as the 
action of direct sunlight. 

The breakage of front door glasses seems rather more frequent 
than should be necessary, but, as a rule, it is the result of acci- 
dent. The glasses are now furnished in strips and effort is being 
made to have the same number of strips for all front doors irre- 
spective of diameter of projector, in order that they may be sup- 
plied on requisition from a mere statement of the type of the 
projector and the number of the strip. With those now installed 
the glass-makers cannot intelligently carry out the order unless 
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a diagram of the whole front, with the dimensions, is furnished 
from the ship. 

Every projector-front should be fitted with an extra outside 
door made of perforated fibre for the protection of the front 
glasses. They have been supplied thus far to but one or two 
ships and or the design of Fig. 46. 

Diverging lenses are now plano-convex in the horizontal plane 
only. The door is made in strips similar to that having the 
plain glass, each strip being a plano-convex lens. 

Parabolic mirrors are now replacing the Mangin type. The 
Mangin is a double convex lens which is silvered on the back, 
It has the advantage that for a given focal length the rays of light 
which it receives are first concentrated on the mirrored surface 
before reflection. Its disadvantage is that for a given aperture 
it throws less light than even a concave mirror. 

The disadvantage of the concave mirror is the apparently 
smaller intensity of beam as compared with either the lens or 
parabolic types. As looked at by the operator the intensity of 
the light thrown on a target appears greater for both of these 
latter styles than for the concave, and is greatest for the para 
bolic. When examined photometrically at the target it will be 
found that the intensity of the lens mirror is less than that of 
either the concave or parabolic, while the intensity of the com 
cave and parabolic is practically equal. 

The discrepancy, as viewed by the operator, is caused by the 
fact that concave mirrors throw out a conical penumbra around 
the beam which interferes with clear vision at the projector, and 
the illumination of the target appears to be less than that of 
either the lens or parabolic mirrors. 

The parabolic mirror is the most advantageous for searchlight 
use for the great reason that it lights up the foreground better, 
and, as we are accustomed to outlining objects by their sur 
roundings, the target is brought out with more sharpness and 
distinctness of detail. Fig. 47 shows the present style of pro 
jector and accessories. 

Night Signaling Set——This device, more commonly known 4 
the ardois, developed an annoying series of faults in the key 
board, due to defective contact of the plungers. In later key 
boards, semi-circular in shape and designed for the change from 
five to four lamps, little fault has been found, and, as a rule, littl 
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trouble is occasioned apart from the slow action of the device. 
Some difficulty, ordinarily short circuit, is met with at the point 
where the cable enters the gland of the coupling at the keyboard. 
It is usually a ground due to breaking of the insulation by a nip 
and is best remedied by the spring connection for the diving 
lamp shown in Fig. 36. 

More frequently troubles are met with in the cable couplings 
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FIG. 47. 


themselves. The cables have been made in three sections of 50 
leet each, a lamp section from which the wire is branched to the 
lamp and two plain sections. Each plain section is provided 
with a male and female coupling in which the contacts are made 
for the separate wires of the cable, a guide and pin insuring 
proper entrance. The lamp section has a female coupling only. 
Although fitted with secure water-tight gaskets water often 
works into the inner chamber of the coupling and short-circuits 
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the contacts. Covering with painted canvas is only tentative 
and has a further disadvantage in that it holds in the water when 
it has entered. 

There is no real necessity for more than one coupling on the 
entire cable and it should be the female coupling at the lower end 
for the keyboard connection. It will be found more satisfactory 
and quite as serviceable to cut off the two upper couplings on 
all cables having three couplings, splice the wires and tape the 
junctions water-tight. 

On board of the Indiana, where experiments were made with 
the couplings, the cable was led to and inside of the military mast, 
thus protecting all couplings from the weather, except that at 
the keyboard. Particular attention was paid to making the 
coupling of the lamp section thoroughly tight, but in a short 
time it was again found to be full of water. Investigation showed 
that the water had gotten inside the cable through the joints 
where the lamp wires branch out; once inside, the water was 
drawn through the cable by capillary attraction, and then into 
the coupling; the amount of water so drawn made it necessary to 
bore a very undesirable hole in the bight of the cable outside of 
the mast to act as a drain. As an emphatic repetition it can be 
said that one coupling at the keyboard is all that is necessary, 
and the quick, sure remedy for troubles with other couplings is 
to take them off. 

There seems to be no successful way of preventing the deterior- 
ation of the cable due to the heat of the smokepipe; the only 
resort is a new piece of cable. 

One or two cases of filling the upper part of a lamp with water 
have been noted. This ought not to occur if the gaskets and 
lenses are tight. A simple method of obviating the difficulty is 
to bore a small hole in the diaphragm at the bottom of the lamp 
and out near the edge where there will be no chance of trans 
mission of light. With this arrangement the lamp ought to drain 
well. 

The keyboards have often been inconveniently placed and 
should preferably be clamped on the bridge-rail within easy ac- 
cess of the officer of the deck. This will require protection to the 
keyboard by a hood fitted with a sliding door, of which a nice 
device is shown (attached to the bridge-rail) in Fig. 48, and is 
for the semi-circular type of keyboard. No good design a 
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hood for the circular keyboard has been devised; the main diffi- 
culty is that in applying the design of Fig. 48, the hood would 
be too tall, cumbersome and unwieldy. 














FIG. 48. 


The desire for a more rapid system of signaling has led to the 
introduction of the telephotos, shown in Fig. 49, in which the 
contacts are made by a vertical plunger, whose cap fits over a 


sleeve and keeps the water out. Merely pressing down the 
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plunger makes the display for that letter or number, and the 
time lost in adjusting a lever to the required spot and then 
switching in the current, as required for the ardois, is obviated, 
The instrument is mounted on a pedestal and well covered by its 
hood, within which a lamp is placed. The cable is merely a 
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FIG. 49. 


bundle of wires in a canvas tube wrapped outside with a wire 
armor. 

A set of balls in a trough under the plungers prevents the 
making of two displays at the same time. 

It works well, and the rapidity with which signaling can be 
done is well up to practical requirements. 
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Rheostats—The burning out of rheostats is most frequently 
caused by a misapprehension of their office. It is popularly said 
and supposed that a rheostat is for the purpose of cutting down 
the current which is entering the device with which it is con- 
nected, and the argument is bolstered up by the triangular reason- 
ing obtainable from the volt, the ohm and the ampere of Ohm’s 
law. But cutting down the current is the effect of a cause, and 
that cause is that the voltage is cut down; the current drops in 
consequence. The resistance produces a drop, fall of potential, 
numerically equal to that resistance multiplied by the current 
passing. 

This is easily demonstrated in the case of the shunt rheostat 
used with the dynamo; a voltmeter will always show that the 
voltage across the wires entering the field is seldom greater than 
40 to 70 volts for an 80-volt machine of any size. The 10 to 40 
yolts lost in circuit are mainly due to the drop in the rheostat.* 

We employ three types of rheostats: 

Controllers, or regulating rheostats, used for turrets, ammuni- 
tion hoist and ventilating motors (and, in a sense, the shunt 
theostat) which regulate by variation of resistance. 


*No matter what scientists may say as to the strictness of the analogy 
between the generator, wiring and electricity as parallelled with the pump, 
its piping and water, we can bridge over many a knotty point in electrical 
questions by carrying the analogy to its limit, and the application is 
various: electromotive force, or voltage, the force or pressure which moves 
electricity, as compared with pump pressure; the effects of grounds with 
leaks; of pipe ramifications with circuits; of friction with resistance; the 
cutting down of pressure by large release; bursting from want of capacity 
with burning-out; rheostats, with pipe expansion, pipe contraction or 
valves; all show the main point of the analogy. In dealing with electricity, 
the simple thoroughfare is to consider it from the standpoint of voltage, 
pressure, alone and leave out all question of current until we are brought 
face to face with problems of energy. 

What is a volt? An ohm? An ampere? are questions that scientists 
have not exactly informed us about yet. 

We can grasp the fact that a volt is a unit of the kind of pressure that 
will move a certain quantity of electricity, and that an ampere is a unit 
quantity of electricity. In most cases, if we get the pressure we will get 
the quantity of electricity we want as we do a quantity of water from a 
pump and, in the end, we are not so much concerned always as to what 
the amount of that quantity really is as long as our pipe or wire has the 
necessary capacity. There are some exceptions, where current must be 
considered, but they can readily be isolated. 














640 DISEASES OF ELECTRICAL INSTALLATION, 


Starting rheostats, used with motors to control the entering 
voltage when starting, but not intended in any way for either 
regulation or control of the speed. 

Line rheostats, used for tapping off a reduced voltage from the 
dynamo mains, and used mainly with instruments. 

The distinction between a controller and a starting rheostat 
should be especially remembered as it is of great importance in 
motor use. 

The burning out of line rheostats is caused chiefly by grounds 
in the dynamo circuit, and can be obviated by inserting a large 
resistance between the contacts of the main line and those used 
































FIG. 50. FIG. 51. 


for the instrument leads. An ingenious device of the kind is used 
with the range-finder and shown in Fig. 50. It is required to 
tap off about 6 volts for the range-finder, and 4 volts for the 
telephone. A,A are the binding posts for the wires leading to 
the junction box of a lighting circuit. The total resistance of 
the rheostat wire is 80 ohms (82.4 ohms as shown) which on an 
8o0-volt circuit gives a ready means of obtaining one volt. B,B, 
are the binding posts for the instrument wires; C is the binding 
post for the telephone whose negative wire is attached to that 
leading back through B. Between A and C the rheostat wire 
has a resistance of 37.9 ohms, between C and B of 3.7 ohms, 
between B and B, of 5.8 ohms, and between B, and A of 35.0 
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ohms. Hence 3.7 volts are tapped off between C and B, 5.8 volts 
between B and B, and there is a drop of 38 volts between A and 
C, and of 35 volts between A and B. 

This arrangement of the large resistances evidently gives a 
great protection from any overload in the main line as compared 
with any other place on the resistance wire of the rheostats that 
the binding posts C, B, and B could be placed. A similar ar- 
rangement should be followed whenever rheostats are placed in 
a line. 

Much improvement has been made of late in line rheostats and 
the types that can be especially recommended are those of the 
Carpenter designs shown in Fig. 51. These usually have a rib- 
bed plate of cast iron on the unribbed side of which is the re- 
sistance wire embedded in enamel. The wire is first put in place, 
then covered with enamel powder and baked at a high temper- 
ature. The radiating surface is very large. The device has the 
advantage over coil rheostats in that the enamel protects the 
wire from burning out by radiating the excess of heat on the 
same principle that water in a pan on a stove prevents the fusing 
of the solder. 

In common parlance the shunt rheostat is called “the box,” 
probably as a distinction from other rheostats. Starting rheo- 
stats are usually spoken of as “ starting boxes.” 

The burning out of starting rheostats is explained under the 
head of motors. 

Motors.—The extension of motor use in our ships will require 
a better knowledge of that device on the part of dynamo men 
than that which we usually find. They seem to understand the 
fact that a motor is a dynamo worked backwards, and that the 
general cycle of operations is reversed, yet they will cause heavy 
sparking by rocking the brushes forward instead of backward, 
and regard the sparking as some peculiarity associated with back 
electromotive force or other hidden trouble inherent in motors 
generally. 

Motors are tersely and excellently discussed in an article, 
written for the Institute in 1893, by Lieutenant J. B. Murdock, 
U.S. Navy. He says: 

“ All motors on shipboard will naturally fall under the head of 
constant potential motors, supplied from the ship’s mains, and 
either series or shunt may be used. The series motor is valuable 
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for its great starting torque,* but has the disadvantage of an 
irregular speed. In many cases, as in training guns or in other 
heavy work, steady speed is of no consequence, while the ability 
to start with a heavy load is all essential. For work of this kind 
the series motor is the best. If thrown in circuit directly across 
the mains, it might burn out, the resistance being so low as to 
allow of an enormous current passing when the motor is at rest, 
As soon as it commences to move, the current is reduced to safe 
limits by the counter electromotive force. It is advisable, how- 
ever, to interpose some resistance to save the motor, this being 
generally in a starting rheostat, the speed of rotation when once 
in motion being similarly controlled by resistance. An objec- 
tion to the series motor is the fact that the speed rises danger- 
ously high if the load is thrown off, the excitation being dimin- 
ished by the rise of the counter-electromotive force of the motor. 
The motor makes the vain attempt to attain a speed at which its 
counter-electromotive force equals the difference of potential of 
the mains, each increase of speed diminishing the field current 
and counter-electromotive force and calling for higher speed to 
attain the voltage of the mains. Theoretically the speed of the 
series motor under such circumstances is infinite, but the prac- 
tical limit is found in the fact that friction and internal losses 
always make something of a load, so that no motor ever runs 
absolutely light. 

“The shunt motor, when made with low armature resistance, 
preserves a practically constant speed with wide variations of 
load. It possesses, however, the great defect of having no 
starting torque. The field coils and armature being in parallel, 
the former are short-circuited by the latter, and if the motor is 
suddenly thrown into circuit, the field would not receive enough 
current to magnetize it, while the armature would probably be 
burned out by the excess of current passing. Some special 
starting device is therefore necessary, and a starting rheostat is 
commonly provided, by which a current is passed through the 
field coils before the armature circuit is closed at all. The next 
step is to send the current through the armature in series with a 
resistance, the latter being gradually cut out as the counter 
electromotive force rises from the speed increasing. The special 


* Torque is most simply defined as the mechanical couple, due to the 
forces on both sides, tending to turn the armature.—B. T. W 
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purpose for which the shunt motor is adapted is, therefore, 
starting with a light load and afterwards preserving an approxi- 
mately constant speed. 

” The apparent paradox that the speed of a motor is increased 
by weakening the field and consequently the counter-electro- 
motive force, must always be borne in mind in considering the 
speed of motors. The fact that the shunt field remains excited 
when all load is thrown off keeps the speed down to near its 
normal value. If the speed could increase, the field being kept 
constant, the counter-electromotive force of the armature would 
rise until it reached the potential of the mains. It could, of 
course, go no higher without running the generator as a motor. 
The actual limit attained is less than that of the mains, as there 
is always internal loss and mechanical friction in the motor, 
energy to overcome which must be derived from the mains, and 
the speed settles at such a point as to allow the motor to receive 
just this amount of energy. 

“The foregoing is sufficient to enable a conclusion to be 
reached as to the use of motors on shipboard. If starting torque 
is essential and constant speed is unnecessary, the series motor 
is the best, an adjustable resistance being inserted as a protec- 
tion on starting. For purposes calling for constant speed the 
shunt motor is best adapted, having a rheostat for use only in 
starting. In special cases the compound wound motor, possess- 
ing in a lesser degree the advantages of each of the others, may 
be best, but it is noticeable that its complexity is preventing its 
wide use in commercial practice.” 

As a rule the chief accident to motors is burning out the arma- 
ture or field coils from overload in the circuit, for which there 
are two remedies: 

1. A careful elimination of grounds at all times. 

2. A circuit-breaking device, as a part of the starting rheostat, 
to break circuit at either failure of the line voltage or overload. 

The matter of overload needs no other explanation than that 
the excessive current heats and fuses the wires. 

Burning out from failure of the line voltage is the result of 
thoughtlessness or negligence and occurs in this way: The 
rheostat resistance is tapped at a series of places to points or 
blocks. In starting (Fig. 52) the rheostat lever, which is con- 
nected to one terminal of the supply circuit at A, is moved slowly 
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from point to point, or block to block, gradually decreasing the 
resistance in circuit, thus permitting more voltage to the arma- 
ture of the motor, until the lever gets to the last block, B, when 
all resistance due to the rheostat is cut out and the current leads 
directly through the lever to the armature, giving it the total 
voltage of the main line. 

There is usually a switch in the circuit. If a break in the 
main line occurs, thus shutting off the motor supply, the rheostat 
lever should be immediately placed on the block, C, where it was 
before starting; otherwise when the supply is renewed the motor 
suddenly receives the full voltage of the line before it has had 
an opportunity to start, receives an overload, as no back electro- 
motive force is being generated, and the armature burns out. 

It is this matter of back electromotive force which is so puzzling 
to the average attendant, but is readily understood from a brief 
explanation. Inasmuch as the armature of the motor revolves in 
a magnetic field, it becomes a dynamo to the extent of the 
number of its coils, the intensity of its field and the number of 
revolutions (see page 233), and of its own accord generates an 
electromotive force opposing that coming from the line; the cur- 
rent to be carried by the armature is by design based on the dif- 
ference between the electromotive force generated by the motor, 
and that of the main line—a very small amount by the way— 
from which it can be easily understood why an armature burns 
out when suddenly subjected to the full electromotive force of 
the main line, and for the reason that its wires were never de- 
signed to carry such high currents. 

Men will generally remember to open the switch, but in most 
cases of burnt-out armatures which have been investigated it 
has been found that the rheostat lever was left on the armature 
stop. 

The burning out of the starting rheostat occurs almost invar- 
iably from attempts to use it as a speed regulator. The resist- 
ance wires are designed to be subjected only to heating effects 
for the short time necessary for starting, and it follows that if 
the lever is permitted to remain on any block but A or C, Fig. 52, 
the resistance wires will gradually overheat and finally burn out. 

When speed regulation is desirable a controller of special de- 
sign should be used. 

The automatic starting rheostat shown in Figs. 52 and 53 ob 
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viates both cases of burning out whether of armature or rheostat. 
There are a number of designs, but the principle involved is 
practically the same for all. | 

It consists, Fig. 54, of a hand lever, H, and spring lever, 5, 
on a common pivot and working through a stiff spring, K. A 
is a double pole switch on the main line, B is the lead to the 
shunt field of the motor whose armature and its connections are 
diagrammatically represented at C. 

As long as the automatic mechanism is not interfered with this 
rheostat can be relied on to protect the motor from all damage, 
under any conditions of practice, whether by skilled or unskilled 
hands. The following are the principal features: 

1st. It automatically opens the circuit when the E. M. F. 


val 





FIG. 52 FIG. 53. 


(not current) of the supply circuit fails or falls greatly below the 
normal, required E. M. F. 

Referring to Fig. 54, this is accomplished by the fact that, 
having no voltage, the lectro-magnet, D, cannot retain the arma- 
ture of the spring lever, which immediately assumes the position 
of Fig. 53. 

2d. It automatically opens the circuit when the current 
through the motor becomes excessively large. 

This is accomplished by a second electro-magnet, E, whose 
armature is connected with a catch which holds the spring lever. 
When the overload passes, it causes the armature of E to be 
attracted, releasing the catch, and the lever assumes the position 
of Fig. 53. 

For the same reason the circuit would be broken if the hand 
lever was moved too rapidly over the blocks, as excessive current 
would be caused by so doing. 








_————— 
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3d. It is not affected under any conditions when the E. M, F. 
and current are kept within normal limits. 

4th. The electro-magnet, D, will not retain the spring lever 
unless the hand lever is on the starting block, C, Fig. 52. 

The are (spark) formed by breaking automatically when run- 
ning is generally taken up by carbon blocks that can be replaced 
at any time. 

Compound motors have never come into general use for the 
reason that the armature reaction of a shunt motor will, in most 
cases, compensate for the falling off of speed due to the heat 
drop without the use of series windings. 

































































FIG. 54. FIG. 55. 


Motor use, commercially, has of late been much influenced by 
the extension of alternate current work, particularly of the two- 
phase and three-phase types, in which induction motors of simple 
construction, without commutator or brushes, have overshadowed 
the constant-potential, direct-current designs. 

The high tension and heavy inductions of alternate-current 
work place it beyond the pale of ship use. Besides, it is difficult 
of regulation and uneconomical as compared with direct-current 
for other than long-distance transmission; the minimum of this 
long distance, as derived from European economics, appears to 
be greater than five miles. 
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The use of series (reversible) motors for guns and turrets 
has never proved successful from the inability to control the 
speed and regulate the train as compared with hydraulic, pneu- 
matic or steam devices. A subsequent idea of using a positive 
motion (shunt) motor with a reversible clutch proved but a slight 
improvement. The problem has been solved in the extremely 
sensitive motions of the Brooklyn’s turrets by separately exciting 
the fields of both dynamo and motor. The general principle is 
shown in the diagrammatic representation of Fig. 55. <4 is the 
dynamo armature, B its field, excited by current from the mains, 
C, which are fed by another dynamo. In order to flow through 
the field coils of A the current must pass through the controller, 
D, which is located in the turret and is as simple in its operation 
as that used by the motorman of a trolley car. The mains, C, 
feed also the field, E, of the turret motor, /, maintaining a con- 
stant potential. The armatures A and F are connected by direct 
wires through a reversing switch, G. 

As the field of the motor, F, is constant, its speed will depend 
entirely on the voltage supplied to its armature by the dynamo, 
A, and the direction of rotation can be changed at will by the 
reversing switch, G. 

As the number of circuits of the armature, 4, are fixed by 
the design and its speed is constant for the adjustment of the 
governor of its engine, it follows that the electromotive force 
which it generates will be proportional to the intensity of its 
field. This intensity of field is regulated by the controller, which 
thus forms the key to the whole situation and can be located in 
the turret in the very best position for practical use. 

In order to prevent the turret from turning too far a tripping 
toe is placed at the limit of its swing which automatically reverses 
the motor. No difficulty has been developed in the design, nor 
has there been any occasion for adjustment or repair since the 
war with Spain, to keep it up to the standard of its original test. 
Gross and fine train are accomplished without resort to any other 
expedient. 

The dynamos which are installed for use with the motors are 
compound wound, and have an especial field connection for the 
change from motor to lighting use. This is not indicated in 
Fig. 55. 

Interior Communications.—This part of the ship’s installation is 
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more complained of, perhaps, than any other for the reason that 
it is more generally brought to notice and comes under the 
supervision of so many officers on the ships. The general com- 
plaint has been that the instruments are too delicate, require too 
many repairs, get out of order readily and are unreliable. The 
complaints have even extended to the point of characterizing 
them as laboratory instruments. Much of this is true, and efforts 
are being constantly made to minimize these faults as far as 
possible on the lines of simplicity in construction, continuity of 
service and certainty of action. It is to this field that much 
inventive talent, especially in the service, has been directed, but 
of the many designs of instruments which have been submitted 
fully 80 per cent. do not answer service requirements. Of these 
the large majority have been constructed on the step-by-step 
principle. A step-by-step instrument is one in which the indi- 
cations are made successively and which usually depends for its 
actions upon a train of wheels, or at least upon a combination 
of cog gearing, which accomplishes the indications required. 
They are practically inadmissible for the reason that the cogs 
soon wear in service or break out, and once a tooth slips or is 
missing the instrument becomes unreliable thereafter. This sort 
of wear is very much hastened in instruments which require that 
the electric current shall be kept on, and, in general, it may be 
said that it is desirable in any instrument that the current should 
be broken after each indication, excepting in those in which the 
indications are made by lamps. 

A notable example of the step-by-step instruments were the 
Elliott instruments placed in the Maine. The commanding off 
cer requested that they be taken out of the ship as they were of 
no practical utility and only occupied needed room on the bridge. 
These instruments have been installed in trans-Atlantic steamers 
and have given satisfaction, but require the continued attention 
of experts. 


Engine Telegraph. 


Fiske Type-—The instrument embodies, as do all of Lieut. 
Fiske’s inventions, a large number of desirable features for ship’s 
use, but it was found on two ships after long trial to be unreliable, 
and that even after repairs were made by the manufacturer’s ex- 
perts, it was impracticable to so adjust the instrument that the 
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indications on the bridge and in the engine-room were the same. 
If the differences in indications had been equal over the range 
of the scale there would have been less objection; the differences 
in indication being known they could be easily applied by the 
operator or reader, but with variable differences for different 
readings the intended order became too uncertain. 

From a total of six ships in which the instruments have been 
installed two have reported favorably and four have requested 
adjustment or repairs. In the two cases above mentioned an 
old design was installed. 

The primary fault is lack of water-tightness in the trans- 
mitter where contacts and connections are found to be corroded 
and oxydized. 

A second fault appears to be purely electrical. It is not 
altogether clear what the fault is, but since the original instru- 
ment has been constructed the temperature corrector has been 
added to the device, showing that errors of resistance affected 
the readings and, in late repairs, it has been found that many 
faults have been introduced by the method of wiring, the intro- 
duction of small resistances after compensation, and in loose or 
imperfect contacts. 

It is believed that this instrument can be made to operate suc- 
cessfully by perfecting the contacts and so introducing the re- 
sistances that there will be no variable. Its principles are good 
and sound, and it would seem that a change in the device would 
much relieve its present defects.* 

Painter-Morrison Type.—But one set has ever been installed 
in the service and is now on board the Nashville for trial. The 
instrument has an escapement somewhat on the stock-ticker prin- 
ciple and comes under the head of step-by-step instruments, 
though especial attention has been paid to overcoming the usual 
objections. 

Leopold Type-—This combination introduces a visual manual 
by the use of lamps in addition to a bell signal calling attention. 
It has never been tried thus far and no information has been 
obtainable as to its practical working. 


* me . * . ~* , . > ; 
Illustrations of Lieut. Fiske’s instruments are not reproduced in this 
article for the reason that they are shown in detail in his publications on 
the subject, and to them the reader is referred. 
45 
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Revolution and Direction Indicators. 

Fiske Type-——This introduces the principle of alternating cur- 
rent in instrument devices and is operated by the action of a soft 
iron inductor (placed on the shaft) revolving in front of the poles 
of an electro-magnet and connected with indicators which are 
constructed on the principle of alternating-current voltmeters, 
The voltmeters soon fail to indicate. In one case which has been 
brought to notice there has been no practical use obtained from 
this instrument since its first installation except on original test; 
all efforts to repair and put it in good working order have 
proved futile. In another case the magnets were placed so low 
down in the shaft alley as to bring it in frequent contact with 
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FIG. 56. 


bilge water, causing burning out. The magnets were afterwards 
shifted from their position, but the indications have been very 
erratic and unreliable. 

A particularly cumbersome feature of the design is that there 
must be a separate collar and inductor on the engine shaft for 
every indicator installed. This could be avoided, perhaps, by 
the use of separate magnets, installed about the shaft, each com 
nected to its own indicator. A difficulty with the gaivanometet 
(indicator) arises from the leaking of the liquid with which tt 
must be filled. Available liquids for the purpose seem to be 
few in number and not readily obtained. 

The direction indicator of Lieut. Fiske’s device has a separate 
collar for the magnet which revolves with the shaft and from 
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which current is led to an indicator self-contained with that for 
the revolutions. As the pointer merely deflects at each revolu- 
tion there is no difficulty in having the instrument work properly 
at all times and, by timing the deflections, the revolutions of 
the engine can be accurately counted. It is, however, inferior 
for the purpose to Cory’s design, inasmuch as the pointer must 
be watched while timing, while in the Cory type the deflections 
are made audible. 

Cory Type-—The objection to the Cory type of instrument is 
that it is not direct reading. Its advantages are that it is simple 
in construction and does not readily get out of order. The wir- 
ing is quite simple and the deflections of the pointer indicate 
without and difficulty whether the engine is going ahead or 
astern. In making these deflections a clicking noise is made 
from which the revolutions can be timed by sound as well as by 
watching the deflections of the pointer. This particular style 
of indication is known as the “ tick-tack.” 

Fig. 56 shows the instrument as mounted on the bridge, and 
Fig. 57 shows diagrammatically the connections and general 
construction, as follows: 

A cogged eccentric, A, is attached to the shaft and revolves 
with it. The cogged wheel, B, gears into this eccentric and has 
an upright, C, carrying a cross arm, D, which makes contact 
with springs at E and F; this combination can swing about a 
center at G, and in each revolution the wheel, B, is dragged 
enough in the direction of rotation of the shaft to make contact 
at E and F, accordingly as the engine is going ahead or astern, 
and always on the same spring for the same direction of revolu- 
tion. At each of the springs E and F are connections to two 
electro-magnets in the indicator, but three wires being necessary 
as One Wire answers as a common return for both. An armature 
connected to the pointer of the dial is attracted by the magnet, 
which is energized and is arranged with a sounder to give an 
audible “tick” at each attraction (each revolution). The cur- 
rent is tapped off a lighting circuit through a line rheostat. It is 
obvious that the only requirement of operation is that there 
should be sufficient current in the line to energize the magnets of 
the indicator, and that it is independent of variable resistances in 
connections, provided that the requisite energy is supplied. Any 


number of indicators can be connected in by simply paralleling 
irom the leads from the transmitter at the shaft 
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This instrument gives very little trouble; when troubles do 
occur they are generally from erosion or burning out of the pieces 
of wire at the contacts of the transmitter, which are very easily 
adjusted. 

Electro-dynamic Type.—This instrument is practically a small] 
dynamo which is geared or belted to the shaft, and which has its 
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FIG. 57. 


field separately excited from a direct lead to the dynamo circuit. 
It is evident from this arrangement, since the fields are sepaf 
atley excited, that the voltage produced by the dynamo will 
depend entirely upon the number of revolutions and the indt 
cators need only be small voltmeters, something on the order of 
our ordinary portable type. An especial design is used in the 
actual device. The dynamo can be mounted anywhere conve 
niently for its shaft connection, can be entirely encased for its 
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protection and needs only the attention of trimming or shifting 
the brushes. 

The indicator is simply a voltmeter reading both ways from 
a central zero (similar to the Weston ground detector, Fig. 27), 
the voltmeter being marked on one side for ahead and on the 
other side for astern, the direction of the pointer indicating the 
direction of revolution of the shaft and calibrated to show revo- 
lutions instead of volts. Owing to the fact that voltmeter indi- 
cations are not reliable at small indications the reading will 
probably not be correct below twenty revolutions; but as, in ordi- 
nary ship practice, we merely wish to know, at such low speeds, 
the direction in which the shaft is turning and are not particularly 
concerned as to the number of revolutions that the propeller is 
making, this objection is really a small one. An instrument of 
this type was installed in the Brooklyn and has given general 
satisfaction. 

Helm Telegraph. 

Fiske Type-——As this instrument consists merely of a trans- 
mitter and voltmeter-indicators, for which the current is tapped 
off a lighting circuit, the transmitter being a resistance in the 
line, there is very little to get out of order, provided contacts 
and connections are looked after. But one instance of trouble 
with the helm telegraph has been brought to notice, and that in 
a ship where the transmitters not in use were not zeroed as 
called for by the directions; the transmitter was burned out. A 
cut-out switch for each transmitter is now installed. 


Helm Angle Indicators. 

Fiske Type—The inventor points out that go per cent. of all 
troubles with this instrument will be found in the contact. The 
contact of the arc is found to become variable and unreliable, 
thus defeating the utility of the instrument. This is occasioned 
by wear, vibration, moisture in the damp compartments in which 
it has to be placed and the friction of the plunger on the wire 
itself. As in all Fiske indicators, the galvanometers are too 
sensitive; they are not sufficiently water-tight, inviting the rust 
and corrosion which are such frequent sources of repair; their 
adjustments are too delicate and require too much care and 
attention for the character of the available personnel. Indica- 
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tors of new designs more in consonance with required practice 
will remedy many of the complaints made against them. It be. 
comes a particular matter in connection with the helm angle 
indicator for the reason that the action depends entirely upon 
the difference in voltage in the two sections of the contact wire 
and it must be evident that a very sensitive indicator will take 
up irregularities of contact and become spasmodic and jerky. 

The principles upon which this instrument is founded are 
sound, but from the nature of the use and the locality in which 
it must be installed it cannot be recommended for ship use. 




















FIG. 58. 


Painter-Morrison Type.—This instrument is a modification of 
that spoken of under engine telegraphs, the motion being com 
municated to the transmitter by a chain and wheel attached to 
the rudder head. A bicycle sprocket and chain are usually used. 
The instrument is on trial in the Nashville, but thus far no 
complete report has been made on its performance. 

Lamp Type.—This is shown in Fig. 58 ready for mounting om 
a pedestal or bulkhead. Fig. 59 shows the connections with the 
locations for the action cut-outs, and Fig. 60 shows the arcs on 
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ce which contact is made from the plunger carrying the wires. It 
e consists merely of fifteen lamps of 5 c. p. at 80 volts placed in 
le little compartments and shining through a plate of green glass 
Nn on one side and a plate of red glass on the other side with a piece 
e of white ground glass for the zero indication. The wires are led 
ce as in an annunciator, one wire to each lamp with a common 
\ . . . 

return. Contact is made on the are (to which fifteen wires are 
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f 
. connected) by a plunger attached either to the tiller or to a mon- 
' key tiller or a yoke secured to the rudder head. The instrument 
can be recommended as being thoroughly reliable in its opera- 
tion, has been tested for long intervals and required no repair. 





The wiring is done through interior communication cables 
directly from the points of contact or between connection boxes. 
It has been urged against this instrument that the indications 
are not in sufficient number for tactical use, but the different 
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degrees of helm which are indicated, as shown in Fig. 58, are all 
that have been found necessary in tactical evolutions and are 
thought to be sufficient. It has also been objected that the 
indication is too dim in daylight to be seen at required dis- 
tances; in all cases which have come under observation the ob- 
jection does not seem to be well founded. It can be highly 
recommended as simple and constant in operation which, at 
least, are two very vital features on interior communication lines, 

As a resumé of the difficulties with instruments for the uses 
mentioned it may be said that present practice indicates the 
doing away with types depending upon changes of voltage or re- 
sistance and substituting devices which are simpler in their care 


and connections. These, as now proposed, are: 





FIG. 60.—CONTACT ARC FOR LAMP HELM ANGLE INDICATOR, U. S. S. MAINE. 


Engine Telegraph.—Establishment of prescribed speed by 
verbal order or mechanical telegraph, the variation from pre- 
scribed speed to be signaled as so many turns (up to five usually) 
faster or slower. The instrument for this signal is modified from 
the design of the lamp helm indicator, the transmitter being 
similar to that of the mechanical telegraph; attention is called by 
a bell. 

Steering Telegraph—This is similar to that for the engine 
telegraph, the indicator being marked for angles of helm and 
one or two especial orders, such as “ steady,” etc. 

Helm Angle Indicator.—The lamp instrument before described. 

Battle Order.—Transmitter and indicator are of the lamp type 
and on the general principle of the lamp helm angle indicator. 

Range Indicators.—Are similar to those for the battle order. 

Each type necessarily requires its own especial construction, 
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though all are the same in general principle. The apparent dis- 
advantages of lamp types is their bulk. 

There is an objection to the engine telegraph in that it requires 
the use of the mechanical as well. As long as the leads for 
mechanical telegraphs are short, they work well; but when com- 
plicated, as in large ships, or where the leads are long and re- 
quire to make a number of turns, they must be looked after 
continually. 

General Alarm.—Difficulties have been reported with the types 
installed: 

First, from giving alarms under ordinary shocks and vibra- 
tions in the ship, especially at gun practice. This feature has 
been overcome to a marked extent by the introduction of a catch 
similar to that used in the construction of annunciators. 

Second, in failure of operation, which can be mostly attributed 
to lack of voltage in the line. 

Alarm-gongs, as a rule, will not operate under less than 15 
volts, and unless the batteries are in good condition and up to 
voltage this difficulty will generally appear. As a rule, the gen- 
eral alarm system should be placed entirely on the transformer 
with a battery connection as a preventer. 

There has been great difficulty in getting a satisfactory gong. 
The electrical type is better and more certain in operation than 
the electro-mechanical types, but owing to the large amount of 
repair which has been called for in this system, the electro- 
mechanical gong has practically been adopted. The gong should 
be 12-inch single-stroke. All double-stroke gongs soon get out 
of order and require replacing. There is an important point in 
the installation of alarm gongs which has been much lost sight 
of, and that is that they should not be operated by an ordinary 
push button. Alarms have frequently been sent in when cleaning 
the push buttons, especially in chart houses, and in many in- 
stances it has been found necessary to entirely insulate the spring 
from the contact by introducing a wedge of hard rubber. The 
easy way out of this difficulty is to entirely encase any arrange- 
ment for ringing alarms which can be accidentally touched or 
handled by the men. The uncovered push button is inadmissible 
in any case. Failure to operate can frequently be remedied by 
adjusting the tension of the springs. 

Batteries and Transformers.—The batteries furnished are made 
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up of the Gonda or Sampson modifications of the Leclanche cell, 
This type of cell has a high electromotive force (about 1.43 volts) 
and low internal resistance (about 4 ohm), giving it the capacity 
of sending a strong current comparatively. 

It has the great disadvantage that it polarizes very rapidly on 
closed circuit and the voltage soon drops below required working 
limits; it is only available, therefore, for uses requiring a strong 
current for a brief time. 

This fact affords a solution to the mysterious failure of alarm 
gongs and bell calls which occurs from time to time on board 
ships; it is generally due to an insidious polarization of the bat- 
teries by grounds which complete and close the circuit through 
the cells. It is not that the batteries have given out, but that 
they are polarized and the condition will be evidenced by a 
deposit of bubbles (hydrogen) on the carbon elements; if the end 
battery connections are broken for a couple of hours the cells will 
recover their normal voltage. 

The indication that the battery has run down and needs re- 
charging with sal ammoniac is a milky color of the cell fluid. The 
jars should always be kept full and the liquid clear. Dipping the 
zines in mercury will prolong their life. 

The troublesome feature of polarization of batteries by grounds 
is the great argument in favor of transformers, for grounds have 
but slight influence on the voltage generated by the transformer 
and appear only as overload. The transformer is intended for 
general use on the lines, the batteries to be kept in reserve for 
emergencies. 

The voltages commonly required are about 6, 12 and 20, and 
can be obtained from any transformer by fitting two extra 
brushes; it will be found to produce no sparking. As frequently 
installed, a double-throw, double-pole switch is provided by 
which either the battery or transformer can be switched in as 
desired. There is a disadvantage in this arrangement in that 
lines for small bells require only 6 or 12 volts usually and the 
higher voltage of the transformer—necessary for the general 
alarm system—soon burns out the vibratory contacts. 

It is better to fit separate brushes for tapping off the required 
voltages and connect the brush leads to the individual lines 
through a battery transfer switch, as shown in Fig. 61, which can 
be expanded for any number of circuits desired. This switch has 
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the distinct advantage of providing a point where the circuits can 
be readily tested out in detail and where grounds and faults may 
be localized. 

The slopping out of the liquid in batteries on ships which have 
much motion at sea points out the desirability of the use of dry 
cells. There are several good forms in the market, of which 
the non-polarizing, Fortosec and Mesco can be recommended; 
the E. M. F. is somewhat less than that of the Leclanche. Dry 
cells do not recover well when polarized and unless, therefore, a 
transformer is at hand for general use, a number must be kept 
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FIG. 61. 


in stock to replace those that fail. If care is taken to keep the 
circuits free of grounds, dry cells are an advantage; they are 
practically imperative for use in torpedo-boats and destroyers. 

Action Cut-outs—These are now placed on all lines of com- 
munications not protected by armor, in order that the unpro- 
tected sections may be entirely cut out in action and prevent 
grounds or short circuits on the lines in use. The device con- 
sists of a contact maker operated by a thumb-nut which pushes 
up the contact springs. The switch is a carbon block of rect- 
angular section enclosed in a brass frame and connected with 
the thumb-nut. It is merely necessary to move the nut a quarter 
of a turn to throw the contacts in and out. 
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Annunciators—The principal repair and difficulty with annunei- 
ators has been in the failure of operation of the drops. In many 
cases the troubles arise from a collection of dirt and cockroaches 
about the electro-magnets. Two have been sent up for repair 
that operated perfectly when brushed out with an ordinary whisk 
broom. No difficulty has been found with the new types of 
water-tight devices. Most troubles with annunciators can be 
avoided by keeping the case locked and occasionally seeing to it 
that there is no collection of dirt between the electro-magnets. 

Cases occur where the failure to operate is due to a too stiff 
or too weak spring; the remedy is, obviously, to correct the 
tension. 

Testing Out.—The ordinary test devolving on the force is 
that for insulation resistance, and should be made on all dynamos 
and circuits every week. For this purpose the simple voltmeter 














FIG. 62. 


test, so little in use, is amply sufficient. To make use of the test 
the ordinary portable voltmeter is used and connected in, as 
shown in Fig. 62. A and B are any two points of a switchboard 
or lighting circuit; V is the voltmeter and C the leading wires. 
If the ends of the leading wires, E and F, are touched together 
we will get a deflection in l’, which we will call D. If E (or F) 
is touched to one leg of a circuit and F (or E£) is connected to 
ground we will obtain another deflection, d. The insulation 
resistance is then: 


) 
Ins. Res. = RX ( — 1 ) : 
a / 


in which FR is the resistance of the voltmeter ’. Evidently if 
D = d, the insulation resistance is zero and the circuit has a dead 
ground. 

This method requires but little time as compared with the use 
of the Testing Set (Wheatstone’s bridge), and while not so accu- 
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rate as the latter, the results are sufficiently so for all practical 
purposes. 

A magneto will ring if there is a dead ground but will not indi- 
cate a low insulation; the voltmeter test is therefore preferable, 
as it shows the approximate insulation resistance in each circuit. 
Each circuit, whether of dynamo or main lines, should show an 
insulation resistance, individually, of at least one megohm 
(1,000,000 ohms), but it must be remembered that dirt, dust and 
moisture can make it quite possible for a circuit to show a dead 
ground when the actual insulation resistance is above five 
megohms. This occurs most frequently when testing dynamo 
circuits. 

Insulation resistance is lowest when the insulation is hot; a 
current should, therefore, be allowed to flow through a circuit 
for awhile before testing. The insulation resistance of a dynamo 
should always be taken after it has been running in order that 
the circuits may dry out; the shaft end of the commutator should 
be thoroughly dried with a cotton rag and all dust and dirt 
removed from the armature and field coils. Moisture and dirt 
at the joints of the field frame and bed plate will occasion a 
grounding of the frame. 

Conclusion.—The panacea for the great majority of the diff- 
culties with our electric installations on board ship resides in the 
possession of a competent dynamo force. It is, perhaps, imprac- 
ticable that the whole force can have the necessary intelligence, 
and it may be desirable that a part should be under instruction, 
especially a number detailed from the apprentice class; but there 
should be at least a competent head whose duty it would be, as 
a “head dynamo man,” to have charge of the entire installation, 
to direct subordinates in its management and repair and to 
instruct them in its mechanical and electrical details. 

It is apparent that the ships are not sufficiently self-supporting 
and that adjustments and repairs which should be well within the 
capacity of the force are held over for that future day when the 
ship can arrive at a navy yard, and the work be required from the 
yard department. Meanwhile, “the stitch in time,” so vital in 
engine and electrical faults, tending as they do to become rapidly 
worse, is not taken, and the cost and magnitude of repair has 
much increased. On the other hand, in many instances, the 
equities of the case rest with the ship; the majority of men avail- 
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able have had no experience with mechanical or electrical details 
of the installations; those who obtain experience in navy yards 
usually prefer to remain in civil employment, if good men, by 
reason of better pay; transfers and discharges prevent the estab- 
lishment of confidence in those who are made available and the 
best men obtain warrants or disappear to the navy yard forces or 
to employment in commercial life. 

In order to secure to each ship the competent man to control 
and look out for our installations, increasing constantly in scope 
and expense, and to vest him with the necessary authority, he 
should be given a warrant; he should be a good engineer familiar 
with the design, operation and repair of short-stroke engines; he 
should have an electrical knowledge which will enable him to 
cope with all principles applicable to the installation; he should 
be conversant with the mechanical details of wiring and acces- 
sories. 

The incentives of warrant and advanced pay will attract good 
men to the position; as it is, some of our best men are leaving 


the service. 
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APPENDIX A. 
INSTRUCTIONS REGARDING ELECTRICAL PLANTS. 


At the time the ship goes into commission the entire plant is supposed 
to have been previously tested, with everything in place on board and 
accepted. Previous to the test for acceptance, the dynamo and engine are 
supposed to have been inspected at the factories, and the wiring inspected 
as the work of installation progressed. A general graphic description of 
the plant will be found in the “ Record of Electrical Appliances” which 
is supplied to the vessel. Nothing remains then but to keep the plant in 
a thoroughly good and efficient condition during the cruise. To this end 
the following rules and suggestions for the care and management of the 
plant will be carried out: 


DatiLy TEsT. 


The ground detector will be kept in use at all times whenever the plant 
is in operation. This will at once indicate the presence of a leak to earth 
of any importance. The branch circuit in which the fault occurs must at 
once be located and the use of that circuit discontinued until it is again 
in order. It must be strictly borne in mind that to make this detector of 
any use, the faults must be removed as soon as they appear, or the 
circuit in which it occurs cut out, for it will not indicate a second fault 
until the plant is cleared of the first. On the other hand, with proper 
care, the ground detector is invaluable. In addition to the above, when- 
ever any of the machines are shut down, advantage must be taken of this 
opportunity to test them for leaks between the different coils, the coils 
and the frame, and other parts of the machine. If the fault that occurs is 
of slight importance, it may at times be advisable, after locating it, to 
allow it to remain until it becomes worse, measuring its resistance, how- 
ever, and noting its progress. 

Used with the new standard switch-board, the branch circuit in which 
any fault occurs will at once be determined. Each section should be tested 
at least once daily, and this should be done by throwing off all the sec- 
tions except the one to be tested. This should preferably be done at 
such times that the throwing off the lights will not interfere materially 
with the routine of the ship. 


WEEKLY TEsT OF SEARCH-LIGHTS. 

These will be operated at least once a week at night to see that every- 
thing about them is in good working order and the fact recorded in the 
journal. At such times care will be taken to have the ground detector 
connected. 

Projectors that are ele ctrically controlled will be tested both by hand 
and by the electric control. All projectors will be kept at all times ready 








664 DISEASES OF ELECTRICAL INSTALLATION. 


for instant use, requiring only the throwing on the switch in the dynamo 
room. 
QUARTERLY TEST OF PLANT. 


Once a quarter measurements must be made of the insulation resistance 
of the entire plant connected up together, also that of each dynamo and 
of each of the section circuits leading from the switch-board. At such 
times advantage should be taken of wet weather if possible. At least 
once a quarter the entire plant must be operated for a long enough time 
to see that everything is in working order. At this time everything must 
be connected up; that is, all lamps, search-lights, motors, etc., within the 


safe limit of output of the machines. 


QUARTERLY REPORTS. 


These shall contain the results of the quarterly and any special tests 
that may have been made, as well as the expenditure of all articles used in 
operating the plant, and its condition. The record should be kept in 
such a state that the cost of operating the plant can at any time be figured. 
The behavior and condition of engines, dynamos, lamps, and in fact the 
entire plant, must be noted, as well as the cause of every fault that occurs. 
In addition to the above, special reports must be made when necessary for 
the efficient condition of the plant. The blanks for lamp reports made by 
the officer in charge must be made and retained on board 


CARE AND MANAGEMENT OF PLANT 


Too much care cannot be exercised to see that the entire plant is kept 
in order. Constant watchfulness on the part of the atiendant and observa- 
tion on the part of the officer in charge to see that the attendants are 
kept up to their work is absolutely necessary. One fault of itself is fre- 
quently of small importance, but when another is allowed to appear in 
addition, then serious trouble is liable to occur. Too much care cannot 
be given to the engine. Keep all working parts clean and lubricated. 
Inspect frequently for any undue wear or lost motion, and keep the drains 
and other appendages in order. Be economical in the use of oil and 
other stores. Notice the cause of any unusual noise about the engines. 
In long leads of pipe, with many bends and branches usually found on 
shipboard, more or less condensation takes place; this, together with the 
fact that steam aboard ship is more or less wet, requires that every pre- 
caution should be taken to prevent water getting into the cylinders, which 
in high-speed engines will do much damage in a very short time. The 
tachnometer will not ordinarily be used even if supplied; the shaft portable 
speed indicator will ordinarily answer every purpose. Be particularly 
careful on starting to run slow until warmed up and water out of cylinders. 

Every engine belonging to the electric plant, boat outfit, etc., should be 
turned over by hand every day when not in use, and the fact noted in 
dynamo journal. 

In starting engine, the dynamo brushes should be raised. After engine 
is running smoothly see that brush holders have not been shifted from 
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marked positions, and see that main switch is open. Lower brushes, and 
if dynamo has switch in shunt field, close it. Adjust brushes until there 
is no sparking, noting voltage at same time; then close main switch, 
noting that all section switches are open. Throw on load gradually, attend 
brushes at each change of load and shift if necessary. 

In shutting down dynamo follow the reverse of the above. In cases 
when it is known that certain lights will be wanted immediately after 
starting up, a reasonable load will be put on as soon as the engine is 
running smoothly and before commencing to speed up, in order that the 
lamps may attain their candle power gradually and their life thereby 
increased materially. 

As regards the dynamo, the commutator and brushes are what require 
the most attention; that is, the brushes to be kept trimmed and at the 
neutral points, and the commutator kept smooth and free from uneven 
wear. All connections kept tight and clean; copper dust, oil, and moisture 
kept off the machine and the machine properly lubricated. The pilot 
lamp must always be kept in circuit in case the main safety fuses go. Be 
on the watch for any unusual heating of the field magnets or any softening 
of the insulation. In throwing dynamos in parallel care will be taken to 
see that each machine is poled right and kept on open circuit until the 
nominal potential is reached before being thrown into circuit. The opera- 
tion of throwing dynamos in parallei with the naval standard switch-board 
is as follows: Each dynamo must first be tested separately. It is brought 
to the proper potential of 80 volts on light load by adjusting the shunt 
field rheostat. Full load is then thrown on and the voltage should remain 
the same. If not, it should be adjusted to give the proper voltage by the 
shunt to the series field. This adjustment should be once made and 
occasionally verified; too much care cannot be given to it, and once ad- 
justed should not be tampered with. With loads on each dynamo prac- 
tically the same, and the difference of their potentials less than one volt, 
the multiple switch may safely be closed and the dynamos will work to- 
gether. Any inequality of load between them may then be'rectified by the 
shunt field rheostats. The polarity of the dynamos will be shown by these 
measurements, and, as has been said, should be the same. When one 
dynamo is to be thrown in parallel with another actually working it may 
be advisable to divide the load about equally between them and repeating 
the observations as to potential before throwing them in parallel. All 
important instruments must be standardized at least once a quarter, if 
practicable, and the fact noted in the quarterly report. 

When not in use the engines and dynamos must be covered. 

With the new standard switch-board the following precautions are neces- 
sary for its safe and successful working: 

Ist. No metal, such as screw-drivers, monkey-wrenches or other tools 
or watch chains, should be allowed near the front of the board. Any 
neglect of this kind may cause dead short circuits. 

2d. Putting more than one plug switch on any one section is positively 
forbidden, as the use of two might put dynamos in parallel without any 
equalizing bar. 

46 
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3d. If any section is not wired up, it is advisable to remove its plug 
switch entirely. 

4th. In throwing a section in circuit it is advisable to first place the 
plug switch in proper position for putting the section on the dynamo de- 
sired, and then close the switch on the common bus bar. In cutting out 
a section first open the common bus-bar switch and then the plug switch, 
In changing a section from one dynamo to another, it is best to first break 
the circuit with the common switch, then throw the plug switch over into 
proper position and close the common switch. The plug switches are not 
intended for throw-over switches. 

sth. When any section is wired up, but not in circuit, its common 
switch should be open, and its plug switch open and locked. 

6th. When the dynamos are operating singly the multiple switches 
should be open and the spring clips covered by hard-rubber covers. These 
covers to be removed before attempting to connect in parallel. 

The record book supplied the ship with outfit contains a general graphic 
description of the plant. The changes will be noted in this book from 
time to time, so that the thread can be easily picked up. No change will 
ever be made in the original plan of wiring or extra outlets run without 
at once notifying the Bureau. 

In the dynamo journal the remarks are to be made as complete as pos- 
sible. The columns of the journal are to be kept as at present, except 
that the revolutions will not be recorded as long as the plant is in good 
working condition. The load for each dynamo will be recorded in its 
proper column at the end of each hour, unless there is an unusual load 
on at that time, when the average for the hour will be recorded. 

All faults or bad working of the plant in any respect must be noted in 
the journal. 

As regards the circuits, careful daily inspection of connections is neces- 
sary to keep them clean and tight; also look for deterioration of the in- 
sulation of the wires. With new lamps, those requiring the highest volt- 
age to give their rated candle power must be placed as near the dynamo as 
possible, those requiring lowest voltage farthest off. The lamps farthest 
from the dynamo must after a time be shifted near the dynamo in order 
that they may continue to give their normal candle power. 

All lights and fixtures in general use should be inspected and cleaned 
every day. In cleaning fixtures, especially plated ones, scouring or hard 
rubbing will not be permitted. They should be wiped off with a cloth or 
chamois skin. 

As previously mentioned, the commutator must be kept free from un- 
even wear. The necessary evil of all continuous current machines is the 
commutator. Not only must the brushes be trimmed and placed so as 
to prevent sparking, but they must also have their position changed from 
time to time in the direction of the length of the armature, so that the 
entire surface of the commutator will have the same amount of wear. 

During target practice the search-light projectors should be trained and 
clamped so that they will be parallel to the line of fire, if practicable, the 
door opened in order to save the lenses from the destructive effect of con- 
cussion. 
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The use of files, sand, emery paper, etc., on commutators is prohibited, 
except in extreme cases, when it will be fully noted in the journal, and 
then only by the direction and under the personal observation of the officer 
in charge of the plant. Under no circumstances whatever will these be 
used unless the brushes are lifted from the commutator. 

When a record is being kept of the life of a number of lamps, the fact 
must be noted in the dynamo journal in such a manner that it will be 
brought to the notice of a new officer taking charge of the plant. 

The safety fuse will not be replaced with the current on, unless it is 
absolutely necessary. Even then it must be done by skilled hands and 
with extreme caution, as the slipping of a screw-driver is liable, in such 
cases, to put the entire part of the ship supplied by that section in dark- 
ness. 

With the new junction boxes the fuses may readily be replaced without 
the turning off of the current. 

The dynamo journal will be submitted upon the last day of every month 
for the approval of the commanding officer, and when filled, forwarded by 
the first favorable opportunity to the Bureau. Unbound journal sheets 
are furnished for use in dynamo-room. Each sheet is intended to last 
two days. 

The original invoice, when a vessel is commissioned, will show the 
electric plant as installed ready for operation, the different articles being 
enumerated. Spare articles and stores should be separated from the in- 
stallation. Care should be exercised in making quarterly returns that all 
articles on board connected with the plant are enumerated whether found 
in the installation, among the spare articles, or in the stores. 


APPENDIX B. 
SPECIFICATIONS. 


GENERATING SETS. 
Sets. 

1. Each set shall consist of an engine and a generator secured on a 
common bed-plate and connected by a solid flanged approved coupling 
through bolted and keyed. 

2. The sets as a whole shall be as compact and light as is consistent with 
a due regard to strength, durability and efficiency. 

3. Their gross weight must not exceed one-third (14) of a pound per watt 
of their rated capacity. 

4. All parts of the sets must be accessible for examination, adjustment 
and repair. 

5. Suitable arrangements must be provided for effectively lubricating all 
parts of the sets which require lubrication and for conveniently collecting 
and recovering all surplus oil.* 


* This specification has been recently modified to specify forced lubrication. 
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6. Oil-guards shall be fitted wherever necessary to prevent oil from be- 
ing thrown about by the machinery when in motion. 

7. They must operate practically without noise, be thoroughly balanced, 
and run true, and be capable of being run for long periods under full load 
without undue heating or wear. All nuts liable to work loose to be lock- 
nuts; all lock-nuts and pins to be secured against working off by a suitable 
locking device, which will act with certainty to prevent the bolts or parts 
which they secure from working loose from the vibration or movement of 
the mechanism. 

8. The driving-shafts must be fitted with thrust-collars or other suitable 
device which will prevent a movement of the shaft in the direction of its 
length when the set is subjected to the rolling motion of a ship at sea. 

9g. All spare parts must be made of standard sizes, so that each will fit 
any set of the size and type for which it is made, and the fact that they do 
fit must be demonstrated by actual trial when generating sets are tested 
for acceptance. 

10. Contractors must furnish a complete set of tracings of working 
drawings for each type of generating set supplied, such tracings to be a 
part of the contract. 

11. Any defect clearly due to defective material or workmanship which 
may be developed prior to the completion of the first year of service, to 
be made good by and at the expense of the contractors. 

12. During tests for acceptance the sets are to be run with a quality of 
oil similar to that used on shipboard which has been through the filter 
after having been previously used. 


Engines. 

13. The engines must be vertical, strongly built, of the very best mate- 
rials, thoroughly balanced, and of high efficiency and economy. Their 
efficiency and economy to be determined by means of suitable tests. Un- 
less expressly specified to the contrary, engines must be designed to work 
most economically with a steam pressure at the engines of 100 pounds per 
square inch, if compound, and with a steam pressure of 80 pounds per 
square inch, if simple; the vacuum to be maintained at not less than 25 
inches; but they must be capable of working with pressures of twenty (20) 
pounds above and below the pressures prescribed for most economical 
operation. 

14. The cylinders must be of hard cast iron; the crossheads, connecting 
rods, shafts, piston and valve rods, and all nuts, bolts, etc., of the best 
forged steel. 

15. Their design must be such that all parts subject to wear shall be 
accessible for adjustment and repair, and especially those parts which by 
reason of wear are liable to affect the alignment of the engine. 

16. They must be able to bear without injury the throwing on or off of 
the entire load by quickly making or breaking the external circuit of the 
generator. 

17. Cylinders shall be fitted with relief-valves, arranged to work auto- 
matically, in addition to the usual drain-cocks. 

18. The engines must be fitted with automatic governors, which shall 
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be simple in construction and be made of the most durable materials. The 
governors must control the speed of the engine automatically, the throttle- 
valve being wide open within the following limits: A variation of not more 
than two and one-half (21%) per cent. in the number of revolutions will be 
allowed on any change of load from the total rated output of the generator 
to twenty (20) per cent. of the same, when the engine is running with a 
constant steam pressure, which is to be that required for its most econo- 
mical operation, as prescribed in paragraph 13. A variation of not more 
than three and one-half (3%) per cent. will be allowed when the steam 
pressure is varied between allowed limits, under no load or full load. An 
extreme variation of not more than five (5) per cent. will be allowed when 
both steam pressure and load are changed between limits of pressure 
allowed and full and no load. 

19. The cylinders and valve-chests must be covered with a suitable non- 
conducting material and cased with an approved covering. The cylinders 
must be fitted with indicator-motions. 

20. If the engines have more than one cylinder, the work done in each 
cylinder must be practically equal, when the engines are working at the 
normal steam pressure and under full load. 

21. It is very desirable that the engines shall be capable of continuous 
running without the use of lubricants in steam spaces. 


Generators. 

22. The generators must be of the direct-current compound-wound 
multi-polar type, and be so designed that their external magnetic fields, at 
full load, shall be inappreciable at a distance of fifteen (15) feet, measured 
in all directions in a space free from magnetic material; the effect to be 
determined with a horizontal-force instrument. 

23. The field-frame must be divided in a horizontal plane passing 
through the center of the shaft, the two parts being properly secured with 
bolts in order that the upper part, with its pole-pieces and coils, can be 
separately removed. 

24. The standard voltage for all generators shall be 80 volts, measured 
at the terminals. 

25. The compounding of each generator must be such that at the de- 
signed speed of its engine the voltage shall at no point of the external 
characteristic curve vary more than one and one-half (114) volts from 80 
volts over the whole range, from no load to full load, both up and down, 
no change being made in the field rheostat, and the brushes being at the 
neutral points. 

26. The generators shall be capable of operating in parallel. 

27. The armature must be thoroughly ventilated, well balanced, and run 
true, and must be so secured on its shaft that, while admitting of being 
readily removed when desired, it shall not slip or work loose from any 
cause while in operation. Its shaft must have large bearing surfaces, 
which must be efficiently lubricated by self-oiling bearings. A satisfactory 
arrangement must be made in its bearings to prevent oil from running 
along the shaft or from being spilled. There shall be no extra pressure 


upon its bearings due to the magnetic pull of the pole pieces on the arma- 
ture. 
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28. The commutator segments must be of hard-drawn or drop-forged 
copper, insulated with mica, and have ample thickness to withstand wear 
for a long period. It must have ample brush-working surface and its 
radiating surface must be sufficient to prevent it from heating to such an 
extent as to materially affect the temperature of the armature winding 
through conduction under any load within the capacity of the generator. 

29. There shall be no sparking whatever at the brushes when the gene- 
rator is in operation with a constant load, nor shall there be any detri- 
mental sparking with a change of one-half (4) load, the brushes not being 
moved. 

30. The following are the maximum limits of temperature permissable 
in the several parts of the generators, after the full-rated output of the 
generator has been continuously produced for a period of at least four (4) 
hours: (a) Temperature of field and armature windings above the tempera- 
ture of surrounding air 60° F. (b) Temperature of commutator above the 
temperature of the surrounding air 72° F. The temperature of the sur- 
rounding air to be determined by means of a thermometer hung three 
feet from the generator on the side away from the engine and on a line 
with the shaft; its indication to be read after the heat-run at the moment 
of stopping. The temperature of the armature and of the field-coils to be 
calculated from their electrical resistance measured before and after the 
heat-run. The temperature of the commutator to be determined by plac- 
ing a thermometer on the commutator as soon as the generator is stopped, 
covering it with waste and taking its highest reading as the temperature 
of the commutator. 

31. In addition to the heat-run prescribed in paragraph 30, each gen- 
erating set shall be tested by running it for a period of two hours with an 
overload of thirty-three (33) per cent. of the full-rated capacity of the 
generator. The set must be capable of sustaining this overload for the 
period of time prescribed without injury to any part either of engine or 
generator. The engine shall have ample power to give the armature the 
speed necessary to produce the normal voltage, and no part of the gen- 
erator shall heat to such a degree as to injure the insulation. 

32. The windings of the dynamo, both field and armature, must be well 
protected from mechanical injury, and must be painted with a water- 
excluding material. 

33. The insulation resistance of the generator circuits from each other, 
of each from the frame, and of the frame from the combination bed-plate, 
shall not be less than one megohn, the measurements to be taken with 
pressures not greater than 1000 volts before and after each run. No 
insulating substance that could be injured by moisture or by a tempera- 
ture of 200° F. shall be used. 

34. The change of voltage at the terminals of the generator as measured 
on a deadbeat voltmeter shall not exceed ten volts when full load is sud- 
denly thrown on or off. 

35. The field rheostats must have sufficient range to compensate for 
the increased resistance of the field coils due to their heating. They must 
be mounted in incombustible frames. 
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INCANDESCENT ELectric Lamps. 


1. Lamps will be classed as follows: 
Standard lamps. 
Instrument lamps. 
2. The following are the standard lamps allowed: 
16 candle power, clear. 
16 candle power, frosted. 
32 candle power, clear. 
150 candle power, clear. 

3. All standard lamps must conform to the following specifications: 

First. Their principal, external, over-all, dimensions must be in exact 
conformity with the design approved by the Bureau, November, 1896, and 
February, 1897. [Blue print No. 827 C.] 

Second. They must be of the best quality and finish and uniform in 
size; the bases must fit and be interchangeable in the standard socket. 

Third. All leading-in wires and anchors must be fused in the glass; all 
anchors must be made of metal. 

Fourth. The filaments must be centered in the bulb and must not droop 
when the lamps are run in a horizontal position. 

Fifth. Each lamp must be marked on the inside of the bulb with the 
date of manufacture, and must have its rated candle power, the voltage 
necessary to give this candle power and the name of the manufacturer 
conspicuously labelled on the outside of the bulb. 

Sixth. The material used for cementing the bases to the bulb must be 
so treated as to ensure against danger of short circuiting the lamp when 
exposed to moisture. When porcelain is used all holes must be filled. 

Seventh. They must be designed for 80 volts, the rated candle power 
to be given at not less than 78 nor more than 82 volts. No fraction of a 
volt beyond these limits will be permitted. 

Eighth. The efficiency of all 16 c. p. and 32 c.p. lamps must not be 
less than 3;4; nor more than 4 watts per candle power, and that of 150 c. p. 
lamps not less than 3; nor more than 3;°; watts per candle power, the 
efficiency to be measured when the lamps are new. 

Ninth. The contractors shall guarantee that all lamps supplied will 
have an average life of at least 600 hours, and that the rated candle power 
shall not have decreased more than 20 per cent. after burning for this 
length of time at the initial potential. 

4. Instrument Lamps.—The following are the standard types allowed: 

5 candle power, 8o volt, clear. 
I candle power, 10 volt, clear. 

5. Instrument lamps must conform to the following specifications: 

First. Their principal, external, over-all dimensions must be in exact 
conformity with the designs approved by the Bureau, February, 1897. 
_Second. They must be of the best quality and finish and uniform in 
size; the bases must fit and be interchangeable in the prescribed socket. 

Third. The material used for cementing the bases to the bulb must be 
So treated as to insure against danger of short circuiting the lamp, when 
exposed to moisture. 








- - ewe 





672 DISEASES OF ELECTRICAL INSTALLATION, 


Fourth. The rated candle power must be conspicuously marked on the 
outside of the bulb and the voltage and amperage necessary to give this 
candle power must be etched on the glass. 

6. Tests—Before acceptance a test lot will be selected at random from 
the lot of each type of lamp delivered as follows: 

From lots not exceeding 50 lamps, all lamps. 

From lots exceeding 50, but not exceeding 500, 50 lamps. 

From lots exceeding 500 lamps, 10 per cent. of the lot. 

7. The test lot will be subjected to the following tests: 

(a) For design, dimensions and construction. 

(b) For vacuum, by trembling of filament and spark from an induc- 
torium. 

(c) For voltage and efficiency when rotating at a speed of 180 revolu- 
tions per minute. 

(d) For rated candle power, by standard photometer. 

8. A secondary standard lamp, standardized from the Bureau’s standards, 
will be used in the tests. 

9g. A failure of 30 per cent. of the test lot to comply with foregoing 
specifications will cause rejection of the lot represented by that test lot. 

10. All lamps whose bulbs shall burst or whose filaments shali break or 
burn out under test, or which have been found to have been injured in 
transit will be rejected from the delivery and must be replaced at the 
expense of the contractor. 

11. When test lots are selected at the contractor’s works by an In- 
spector appointed by the Bureau, the lots so selected shall be immediately 
sent, free of expense to the Government, to the New York Navy Yard for 
test, and no test will be made until advice has been received that. the 
delivery represented by such test lots is ready for shipment. 


SPECIFICATIONS FOR WIRING APPLIANCES. 


STANDARD WIRING APPLIANCES. 


These shall be of two general classes; water-tight (W. T.) and non- 
water-tight (N. W. T.). 
The following are the standard water-tight appliances: 


Junction boxes: 

(a) Feeder; (b) main; (c) branch 3-way; (d) branch 4-way. 
Switches: 

(a) Single pole, 5-ampere; (b) double pole, 25-ampere; (c) double pole, 
50-ampere; (d) double pole, 100-ampere; (e) double pole, double throw, 
50-ampere (transfer). 


Receptacles: 
(a) 5-ampere; (b) search-light; (c) controller. 


Combination switch and receptacles: 
(a) 5-ampere; (b) 25-ampere. 
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Distribution boxes. 
Stuffing tubes: 

(a) Box; (b) bulkhead, types L. and S.; (c) deck, types P. and W.; (d) 
protective deck types P. and W.; (e) washer. 


Soft rubber gaskets: 
Types A, B, C, D and E. 
The following are the standard nonwater-tight appliances: 


Junction box: 
(a) Branch 3-way; (b) branch 4-way. 


Switch. 
Receptacle. 


Sockets: 
(a) Key; (b) keyless; (c) wall. 


SPECIFICATIONS FOR WATER-TIGHT JUNCTION BOXEs. 
Principal parts: the box; the cover; the interior fittings. 


The Box. 


To be made of brass composition. 


Wire Leads. 


The wires to be led into the junction boxes through stuffing tubes in the 
ends and side as follows: Main junction box, two stuffing tubes in each 
end. Feeder junction box, two stuffing tubes in each end and two in one 
side. Three-way branch junction box, two stuffing tubes in each end and 
two in one side. Four-way branch junction box, two stuffing tubes in 
each end and two in each side. 

The cover of the main junction box to be plain, without hole or cap. 

The cover and cap of all boxes to be finished on the outside in a very 
dark, durable color. 

Interior Fittings. 

The interior insulating blocks of all junction boxes to be of unglazed 
vitreous porcelain, rectangular in shape. Sheet mica, not less than 25 
mils in thickness, to cover the bottom of all boxes, beneath the insulating 
block. 

The interior conductors, leading to the side and end holes of the feeder 
junction box, to be made of copper having a conductivity of at least 96 
per cent. of that of pure copper; and to have a cross section of not less 
than 0.06 square inch. 

The conductors of opposite polarity must be separated at least % inch 
from each other and from the metal of the box. 

Each conductor leading from the side to the end stuffing tubes to be 
divided, and to be so fitted that the gaps may be bridged either by copper 
connecting strips of the same area of cross section as the conductors 
themselves, or by copper-tipped safety fuses. To be furnished with both 
copper connecting strips, fuses and micanite cups, for use either with or 
without fuses. 
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The main junction box to be without fuses. The two interior con. 
ductors to lead direct from one end of the box to the other, on opposite 
sides of the insulating block; each to have a cross section of 0.06 square 
inch, and to be made of copper having a conductivity of at least 96 per 
cent. of that of pure copper; to be separated at least ; inch, as provided 
in the feeder box. 

The branch junction box to be fitted with two fuses in glass tubes, one 
fuse in each pole, and both fuses on each branch circuit. The clips for 
fuses to be of phosphor-bronze, and to have a stout guard secured under 
and bent outside of each clip, to prevent its being bent out and broken off. 

The interior conductors for end stuffing tubes to have a cross section of 
0.03 square inch, and to be made of copper having a conductivity of at 
least 96 per cent. of that of pure copper; to be separated at least y; inch, 
as provided in the feeder box. The branch binding posts to be for No, 
14 B. & S. G. wire. 

The binding straps for wires to be designed to take wire up to and in- 
cluding a diameter of 0.4073 inch (124928 cm.). To have their centers 
opposite the centers of the stuffing tubes in the box through which the 
wires are led. 

The interior metal parts of all boxes, and the conductors, to be roughly 
finished; polishing not being required. 


WATER-TIGHT SWITCHES. 


(a) Single Pole, 5-ampere. 

The box to be made of brass composition. 

To be finished on the outside in a very dark, durable color. 

The branch wires to be led into the box through two stuffing tubes in 
one end, which will be exactly similar to the side stuffing tubes in the 
branch junction boxes, the same distance between centers, and fitted with 
the same stuffing box, glands and washers. 

The switch stem to pass through a hole in the cover. This hole to be 
surrounded by a raised circular wall with a male screw on outside for 
screw collar. To be packed water-tight by means of a screw collar and 
washer, with a soft-rubber gasket. 

The interior insulating blocks to be of unglazed vitreous porcelain; to 
be rectangular in shape. 

Sheet mica, not less than 25 mils thick, to cover the entire bottom of 
the box, beneath the porcelain block. 

The switch to be quick break. The switch block to be made of porce- 
lain, the contact springs of phosphor-bronze. 


(6) Double Pole, 25-ampere. 

The box to be made of brass composition. 

The wires to be led into the box through two stuffing tubes in each end, 
which will be exactly similar to the side stuffing tubes in the branch june- 
tion boxes; the distance between centers to be 17; inch; to be fitted with 
the same stuffing box, glands and washers. 

The switch stem to pass through a hole in the cover. This hole to be 
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surrounded by a raised circular wall, with a male screw on outside for 
screw cap. The cap for closing the box water-tight to be secured to the 
box by a stout chain; the edge of the cap to be milled. 

The interior insulating block to be unglazed vitreous porcelain; rec- 
tangular in shape. 

Sheet mica, not less than 25 mils thick, to cover the entire bottom of the 
box beneath the block. 

The switch to be quick break, double pole; switch block to be of un- 
glazed porcelain, the contact springs of phosphor-bronze. The switch 
stem to be without a handle, but to be fitted to take and be turned by a 
standard wrench. The cap for closing the hole in the cover water-tight 
to be solid, and high enough to clear the end of the switch stem. The 
cap to be removed when shipping the wrench for operating the switch. 


(c) Double Pole, 50-ampere. 


The box to be made of brass composition. 

The wires to be led into the box through two stuffing tubes in each end, 
which will be exactly similar to the end stuffing tubes in the feeder junc- 
tion box, the same distance between centers, and fitted with the same 
stuffing box, glands and washers. 

The cap for closing the box water-tight to be secured to the box by a 
stout chain; the edge of the cap to be milled. 

The interior insulating block to be unglazed vitreous porcelain; rect- 
angular in shape. Sheet mica, not less than 25 mils thick, to cover the 
entire bottom of the box beneath the block. 

The switch to be quick and break, double pole. The switch stem to be 
without a handle, but to be fitted to take and be turned by a standard 
wrench. The cap for closing the hole in the cover water-tight to be solid, 
and high enough to clear the end of the switch stem. The cap to be re- 
moved when shipping the wrench for operating the switch. 


(d) Double Pole, 100-ampere. 


The box to be made of brass composition. 

The wires to be led into the box through two stuffing tubes in each end, 
which will be exactly similar to the end stuffing tubes in the feeder junction 
box, the same distance between centers, and fitted with the same stuffing 
box, glands and washers. 

The switch stem to pass through a hole in the cover. This hole to be 
surrounded by a raised circular wall, with a male screw on outside, 18 
threads to the inch, for screw cap. The cap for closing the box water- 
tight to be secured to the box by a stout chain; the edge of the cap to be 
milled. 

The interior insulating block to be unglazed vitreous porcelain; rect- 
angular in shape. Sheet mica, not less than 25 mils thick, to cover the 
entire bottom of the box beneath the block. 

The switch to be quick break, double pole. The switch stem to be with- 
out a handle, but to be fitted to take and to be turned by a standard 
wrench. The cap for closing the hole in the cover water-tight to be solid, 
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and high enough to clear the end of the switch stem. The cap to be re 
moved when shipping the wrench for operating the switch. 


(e) Double Pole, Double Throw, 50-ampere. 


The box to be of brass composition. 

The wires to be led into the box through two stuffing tubes in each end 
and two in one side, which will be exactly similar to the end stuffing 
tubes in the feeder junction box, the same distance between centers, and 
fitted with the same stuffing box, glands and washers. 

The switch stem to pass through a hole in the cover. This hole to be 
surrounded by a raised circular wall, with a male screw on outside for 
screw cap. The cap for closing the box water-tight to be secured to the 
box by a stout chain; the edge of the cap to be milled. Sheet mica, not 
less than 25 mils thick, to cover the entire bottom of the box beneath the 
block. 

The switch to be quick break, double pole, and double throw, in order 
to transfer the current from the wires entering at the side stuffing tubes 
to either pair of those entering at the end stuffing tubes. The interior 
conductors to be of stamped copper, having a conductivity of at least 96 
per cent. of that of pure copper, and of ample area of cross section to 
carry a current of 40 amperes without heating. The switch stem to be 
without a handle, but to be fitted to take and be turned by a standard 
wrench. The cap for closing the hole in the cover water-tight to be solid, 
and high enough to clear the end of the switch stem. The cap to be re 
moved when shipping the wrench for operating the switch. 


SPECIFICATIONS FOR WATER-TIGHT RECEPTACLES. 
(a) 5-ampere. 

The box cover and insulating block to be in every way similar to the 
water-tight switch, (a) single pole, 5-ampere box, cover and block re- 
spectively, excepting the hole in the cover, which will be adapted fora 
receptacle plug instead of for the switch stem. 

The receptacle plug to be of hard rubber, screwed and cemented into its 
socket, with contact plates and binding screws on each side. To be fitted 
with stuffing box and screw collar, so arranged as to be water-tight. 
Stuffing box and screw collar, so arranged as to be water-tight. Stuffing 
gland to be identical with those for side stuffing tubes of branch junction 
boxes. The cap for closing the box water-tight, when the plug is with- 
drawn, to be secured to the box by a stout chain. The edge of both cap 
and collar to be milled. The recess of the collar which takes on the top 
of the wall to be filled with a 1-ply cloth-insertion rubber gasket. 

The clips for the receptacle plug to be of phosphor-bronze, and each of 
the shape of an inverted U, with one end secured and the other free. 


(b) Search-light. 
The box to be made of brass composition. 


The plug cap to consist of a disk of hard rubber. To be perforated 
with two holes % inch in diameter, and fitted on the washer side with 








© re- 


lid, 


 ~ 





DISEASES OF ELECTRICAL INSTALLATION, 677 


four brass pins, No. 9 B. & S. G., to secure the metal plug from turning 
and short circuiting. 

The cap plate to be of brass composition. 

The plug caps to be fitted in a collar, inside threaded; this collar to 
screw to the threads on the outside of the wall of the cover. 

The metal plugs to consist of a brass block, corners of one side rounded 
to fit in the rubber disk; the block to be drilled with two holes, in oppo- 
site corners, to fit over pins in rubber disk; a hollow post terminal to be 
turned from the brass block. A copper connection strip to be sweated 
into a slot in the block. 

The copper connection strip for one terminal to have a brass through 
pin. The lower edges of these connection strips to be rounded off. 

The post terminal to have a male thread, 20 to the inch, throughout its 
length, over which fits a hard-rubber cap, with a central hole carrying a 
female thread to within % inch of the top, to fit screw thread of post 
terminal. 

This hard-rubber cap to pack the wire water-tight, and to have a 
shoulder to fit on the cap plate; to be rounded at the top and polished. 

The insulating block to be of unglazed vitreous porcelain; rectangular 
in shape. Sheet mica, not less than 25 mils in thickness, to cover the bot- 
tom of the box beneath the block. 

The interior conductors to be of copper having a conductivity of 96 
per cent. of that of pure copper, to be separated %4 inch; swelled at the 
ends to receive a large brass strap for securing the wires. 

The plug spring clips to consist of two copper plates, soldered into 
slots in the upper face of each conductor; separated % inch from each 
other. Each plate to be bevelled on the inside to admit the plug, and 
split in the center of its width. 

The end stuffing tubes to be fitted as described in end stuffing tubes of 
junction boxes. . 

A cap to cover the hole in the cover, when plug cap is not inserted, to 
be the same as described in feeder junction boxes; to be secured to the 
box with a stout chain. 

(c) Controller. 


The box to be made of brass composition. 

The cover to be similar to that for branch junction boxes, and fitted 
on the inside with a guide pin to correspond with set in coupling contact. 

The wires to be led through two stuffing tubes in each end and three 
stuffing tubes in one side, the same as described in side stuffing tubes of 
branch junction boxes. 

The insulating block to be of unglazed vitreous porcelain, rectangular in 
shape. The insulating block to have a recess at each of the screw holes 
to receive the bosses. 

The conductors to be seven in number. 

Between the two strips of each conductor is to be clamped a clip of 
Phosphor-bronze, turned up and bent into the shape of an inverted U, the 
inside end to be free. 
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COMBINATION SWITCH AND RECEPTACLES. 
(a) 5-ampere. 

The box, cover and insulating block to be in every way similar to 
the water-tight switch, (a) single-pole, 5-ampere box, cover, and block 
respectively, excepting that the cover shall have at one end a hole for the 
switch stem as described under switch, (a) single-pole, 5-ampere, and a 
the other a hole for the receptacle plug, as described under receptacle, () 
5-ampere. The interior fittings to consist of a single-pcle 5-ampere 
switch at one end of the insulating block, and clips for a 5-ampere 
receptacle plug at the other. 

(b) 25-ampere. 

The box, cover and insulating block to be in every way similar to 
the water-tight switch, (6) double-pole, 25-ampere, excepting that the cover 
shall have at one end a hole for the switch stem, as described under 
switch, (6) double-pole, 25-ampere, and at the other, two holes for recep- 
tacle plugs; each hole to be as described under receptacle, (a) 5-ampere. 
The interior fittings to consist of a double-pole 25-ampere switch at one 
end of the insulating block, and two sets of clips for 25-ampere recep- 
tacle plugs at the other. The plugs to be the same as for the 5-ampere 
receptacle, excepting that the contact plates are in one piece, extend- 
ing like a strap around the end of the plug, with a binding screw on each 
side. 

All of the switches herein described shall be so designed that the 
switch shall be “on” when the switch handle is lengthwise of the box, 
and “off” when it stands across the box. In the case of the large 
switches which are turned by means of a standard wrench instead of bya 
permanent switch handle, the wrench and end of the switch stem must 
be so designated that the former cannot be shipped unless it is put on 
lengthwise of the box when the switch is “on,” and across the box 
when “ off.” 

DISTRIBUTION BoOxXEs. 


The case to be of cast metal, of construction sufficient to withstand 
rough usage or accident from heavy tools. 

The interior fittings to be the same as described in branch junction 
boxes, and of such number as may be required for the particular com- 
partment or location. Two-ply cloth-insertion rubber packing to sepa- 
rate the fittings from the bottom of the case. The case to have a boss 
opposite the center line of each branch terminal of the interior fittings. 
In case any branch of the fittings is not needed for immediate use its 
boss shall be plugged. 

Bosses for conduits carrying the mains to be fitted on the ends, or on 
the sides near the end, as may best suit the requirements of the location. 

Sufficient room for convenience of connecting the mains to be allowed 
on the inside of the case at the ends. 

The cover to be of the same material as the case; to be secured to the 
case by thumb nuts on swinging screws attached to the sides and corners 
of the case between the bosses. 
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The cover to be made water-tight by a gasket of 2-ply cloth-insertion 


rubber packing. 
There shall be no lettering on the outside of the boxes of any of the 


foregoing wiring appliances. 
Junction Boxes (NON-WATER-TIGHT). 


(a) 3-way; (b) 4-way. 

The box, interior fittings and wire leads to be as specified for the 
branch water-tight junction boxes. No washer to be placed between the 
cover and top of the box. 

The cover to have a hole for the purpose of inspecting the fuses, with a 
raised circular wall. 

The cap to be neat fit over the wall, closing flush with the top of the 
cover; to be hinged to the cover and secured by a strong snap spring 
fastened to inside of cap and closing on inside of cover. 


SwitcH (NON-WATER-TIGHT). 


The base to be of glazed vitreous porcelain, circular in shape; to be 
single-pole, snap, quick-break. The springs to be of phosphor-bronze. 

The switch stem and handle to be of metal, insulated from springs 
and contacts; the handle to screw to the stem and be secured by a head- 
less set screw; the handle to prevent removal of the cover when secured 
to the stem. 

The cover to be of brass composition finished in a very dark, durable 
color; to be circular in section seating in a recess in the porcelain block, 
and having a notch in its lower edge fitting over a lug in the porcelain 
to prevent turning in its seat. 

The switch to have a capacity of 10 amperes and to operate in one 
direction only. 

FusEs. 


The character of the alloy composing the fuses shall be such that there 
shall be no reddening or excessive elongation when the current is slowly 
carried up to the fusing point, which will be at double the capacity. An 
excess of 50 per cent. is to be steadily carried without any effect. 

The fuses for the wall sockets shall be of the copper-tipped commercial 
pattern, 1% inch between tips and of 4-ampere capacity. 

The fuses for branch junction boxes shall be of the copper-tipped glass- 
tube type and of 4-ampere capacity. 

The glass tube shall be 1%4 inch long, +; inch external diameter, ;y inch 
internal diameter. 

The copper ends shall be % inch external diameter, y', inch long, spaced 
% inch apart, and cemented to the glass tube. The ends of the fuse wire 
to go through ,°,-inch holes in the center of the copper tips, and soldered 
to the outside ends. 

The switch-board circuit fuses shall be of the standard push-clip copper- 
tip pattern required for the Board. 

The copper shall be No. 18 B. & S. G. The distance between the tips 
to be 1;% inch. 
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The rated capacities are to be 10, 15, 20, 30, 40, 50, 60, 75 and 100 amperes 

The fuses to be made up of wire or strip as required. 

The rated capacity to be stamped on the face of one of the lugs. 

The fuses for feeder boxes shall be of the copper-tipped commercial 
pattern. The slots in the tips to be for No. 8-32 machine screws. The 
distance between the tips to be 1 inch. The rated capacities to be 10, 15, 
20, 30, 40, 50, 60, 75 and 100 amperes. The fuses to be made up of wire or 
strip as required. The rated capacity to be stamped on the face of one of 
the tips. 

Fuses for dynamo circuits on the switch-board shall be of the com- 
mercial slotted copper-tip type. The slots being at right angles to each 
other for %-inch bolts. The copper shall be adapted in thickness to the 
capacity of the fuse. The distance between the tips to be % inch. The 
rated capacities to be 25, 50, 100, 200, 300, 400, 500 and 600 amperes. The 
fuses to be made up of wire or strip as required. The rated capacity to be 
stamped on the face of one of the tips. 


SPECIFICATIONS FOR STUFFING TUBES. 


Stuffing tubes are used for making water-tight the holes in decks, 
bulkheads, etc., through which wires are run, and are designated as fol- 
lows:—Box: sizes 14, 18, 26, 36 and 42. Bulkhead: types L. and S., sizes 
14, 18, 26, 36 and 42. Deck: types P. and W., sizes 14, 18, 26, 36 and 42 
Protective deck: types P. and W., sizes 14, 18, 26, 36 and 42. Washer: 
sizes 14, 18, 26, 36 and 42. 

The terms “ Bulkhead,” “ Deck,” etc., indicate where used; the type 
letters L. and S., whether a long or short tube is required, and P. and W, 
the character of the deck, whether plain steel or steel covered with wood; 
the size number expresses in thirty-seconds of an inch, the inside diameter 
of the hard-rubber lining of the tube. Thus stuffing tube, Deck-P-2, 
signifies a tube for use in connection with a plain steel deck, the inside 
diameter of the hard-rubber lining of the tube being $§ of an inch. 

All tubes shall be made in strict conformity with the Bureau’s designs, 
of seamless brass tubing of commercial iron pipe sizes, lined with standard 
No. 1 quality of hard-rubber tubing. The sizes of both brass and hard- 
rubber tubing to be the same for tubes of like sizes of all varieties, and 
the fittings for all tubes of the same size to be strictly interchangeable. 

The hard-rubber lining to be flush with the brass tubing at the upper 
end, and to project beyond the brass tubing at the lower end 1% inch, 
for all tubes excepting box tubes, in which it shall project % inch only. 

All tubes to be fitted at the upper end with standard stuffing glands 
and washers; and the hard-rubber tubing to be reamed out to take the 
standard soft-rubber gasket of the proper size for each tube. The gland 
to have six holes in face, and six in rim, No. 32 drill, for a straight spam- 
ner. The spanner to be made of No. 33 Stubs’ steel wire, 234 inches 
long. The inner and outer edges of the gland, and the inner edges of the 
washer to be rounded. 

Box Tube. 

To have the thread for the gland continued the entire length of the 

brass tubing. 
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Bulkhead Tube and Deck Tube. 


To have a standard, right-handed pipe thread, corresponding to the iron 
pipe size of the tube, cut at the lower end of the brass tubing. 


Protective Deck Tube. 

To have the external diameter of the brass tubing reduced at the lower 
end, and to have a standard right-handed pipe thread, corresponding to 
the iron pipe size of the tube, cut at the bottom of the full-sized portion. 
The sum of the lengths of the pipe thread and the reduced portion, to 
equal the thickness of the steel deck or armor. 


Washer Tube. 
To have a straight thread, 14 to the inch, cut on the lower end. To be 
furnished singly or in pairs, with hexagonal brass nuts, and single or 
double washer plates as required. 


Sort-RuBBER GASKETS. 


To be of rubber composition containing not less than 60 per cent. nor 
more than 65 per cent. of pure rubber. 

To be of five types, which will be designated as follows: Type A, Type 
B, Type C, Type D, and Type E. 

Type A. 

The shape to be that of two truncated cones of unequal heights joined 
base to base; diameter top and bottom 1,'; inch, diameter cone bases 1% 
inch; the shorter cone to taper from smaller to larger diameter in a 
height of % inch, and the larger cone in a height of }4 inch; total length 
of gasket {7 inch. To be perforated with a central hole the full length 
of the gasket. 

Gaskets of the type to be designated by the type letter followed by a 
size number signifying the diameter of the central hole in thirty-seconds 
of an inch, as A.30, A.36, etc. 

There will be a solid gasket of the type to be designated A.o. 


Type B. 

The shape to be as prescribed for type A; diameter top and bottom % 
inch, diameter cone bases 1% inch; the shorter cone to taper from smaller 
to larger diameter in a height of % inch, and the larger cone in a height 
of y; inch; total length of gasket }} inch. To be perforated with a cen- 
tral hole the full length of the gasket. 

— of the type to be designated as prescribed for type A, as B.13, 

.26, etc. 

There will be a solid gasket of the type to be designated B.o. 


Type C. 
The shape to be as prescribed for type A; diameter top and bottom }} 
inch, diameter cone bases 7% inch; the shorter cone to taper from smaller 
to larger diameter in a height of % inch, and the larger cone in a height 
of % inch; total length of gasket 5% inch. To be perforated with a cen- 
tral hole the full length of the gasket. 
47 
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Gaskets of the type to be designated as prescribed for type A, as C6 
C.20, ete. 
There will be a solid gasket of the type to be designated C.o. 


Type D. 

The shape to be as prescribed for type A; diameter top and bottom % 
inch, diameter cone bases }} inch; the shorter cone to taper from smaller 
to larger diameter in a height of % inch, and the larger cone in a height 
of y% inch; total length of gasket ; inch. To be perforated with a cen- 
tral hole the full length of the gasket. 

Gaskets of the type to be designated as prescribed for type A, as Dy, 
D.14, etc. 

There will be a solid gasket of the type to be designated D.o. 

Certain ones of the foregoing types of gasket will be required to be 
perforated lengthwise, with two holes, parallel and of the same diameter, 
separated equally from each other and from the outer circumference of 
the gasket. Such gaskets will be designated by a double type letter, fol- 
lowed by a number specifying the diameter of the holes in thirty-seconds 
of an inch; thus C. C. 6, etc. 

Type E. 

The shape to be that of a sphere; diameter of sphere 1} inch. To be 
perforated by a central hole. Gaskets of the type to be designated as 
prescribed for type A, as E.32, E.34, etc. 


ConDvUIT AND MOLDING. 
Conduit. 


To be of seamless drawn iron or steel tubing of commercial iron pipe 
sizes, and to have a continuous lining tube of approved insulating material. 

Conduit for magazines to be made of seamless brass tubing, to be lined 
with hard rubber, unless otherwise specified. 


Flexible Conduit. 


In locations subject to mechanical stress, such as inside of steel masts, 
or when flexibility is desired, flexible conduit of approved design may 
be used. 

Molding. 

Molding will be in two pieces; that part containing the gutters for the 
wire will be known as molding, and the other part as the backing strip. 

To be of well-seasoned wood; where run over hard-wood surfaces to be 
of the same material as the surface; the bottom of all gutters to be semi 
circular in section; width and depth of all gutters to be the same. 

Backing strip to be of the same material and width as the molding 
with which it will be used, perfectly plain, and of a thickness (at least ¥ 
of an inch) sufficient to cover all rivet heads, bolt heads and nuts; straps 
and flanges to make a smooth bed for the molding; all capping to be of the 
same width as the molding, % inch thick, and to be screwed to the side 
walls, 

Molding for all feeders and wires of 60088 cm. to 124928 cm. inclusive, 
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will be 3 inches wide, 1% inch deep, including capping; to have two 
gutters, each 34 inch wide and % inch deep, separated by a %-inch wall; 
outside walls to be % inch. 

Molding for wires below 60088 cm. will be % inch wide, 1% inch deep, 
including capping; to have two gutters each % inch wide and % inch deep, 
separated by a 44-inch wall; outside walls to be 3 inch thick. 


Molding for Motor-controlling Circuits. 
To be 4% inches wide, 2% inches deep, including capping; to have three 
gutters, each 4% inch wide and % inch deep, separated by %4-inch walls; 
outside to be % inch; capping to be 3% inches wide by % inch thick. 


Molding for Dynamo Mains and Shunt Rheostat Leads. 


To consist of two moldings and a capping of the same width, capping 
to be % inch in depth; the first molding (next to backing strip) to have 
three gutters to carry the terminal and equalizer mains. The second to 
be 1 inch in depth, to act as a capping to the first; to have two gutters, % 
inch wide, for the shunt rheostat lead; the capping to fit the second 
molding. Gutters to be symmetrically placed and to have same width 
and depth. Backing strip to be of same width as molding, and to have 
a depth of 1% inch. Dimensions corresponding to leads are tabulated 
in inches as follows: 








| First Molding. Second Molding. 
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Amperes.| Width. Gutters. Gutters. 
Depth a 
Width. Between Outside Between | Outside 
centers. wall. centers. wall. 
In. | In. In. In. In. In. In. 
50 434 1 4 1% % 2% rs 
100 5% 1% tt 1% Ys 3% 1s 
200 64% 1}} 1% 2 rs 3% wy 
j | 
300 7 | 1% 1M | 2M % 3% tt 
400 7% 2% Iys | 2% tt 4% Irs 
500 8% 215 145 | 2X % 4% 1% 
6s | 9% | 23% wl] 3s | # HK | 1% 
| 











SPECIFICATIONS FOR SOCKETS. 
Sockets to be of three kinds: (a) standard key socket; (b) standard 
keyless socket; (c) wall socket. 


‘ Standard key and keyless sockets must conform strictly to the Bureau’s 
esigns. 
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They must be of the spiral-spring type and mounted on porcelain; the 
spring to be made of No. 11 B. & S. G. phosphor-bronze wire. The shells 
to be of punched brass 0.016 inch thick. The base of the spiral spring 
must be firmly secured to a metal plate or divided ring by means of metal 
binders of a suitable kind, in addition to soldering; and the whole to be 
secured to the porcelain with ample strength to withstand the torsional 
strain of screwing a lamp into the socket. 

The nozzle in the base to be threaded inside, with %-inch pipe thread. 
All sockets must fit the standard incandescent lamp. 

Dimensions will be: total length 2% inches, largest diameter 1% inch. 
The spiral spring must be insulated from the shell at the top by an in- 
sulating ring of hard rubber. 


Instrument Lamp Sockets. 


To be of commercial type, with a receptacle to fit the butts of the stand- 
ard instrument lamp; to be mounted on a porcelain base; the base to be 
circular or rectangular as directed. 

All insulating material to be treated to prevent absorption of moisture. 


Key and Keyless Sockets. 


To be of commercial type, polished, with D. P. fuse; the receptacle to 
fit the standard incandescent lamp; to be mounted on a circular porcelain 
base, 3% inches in diameter. The receptacle to be insulated from the 
shell at the top by a hard-rubber insulated ring; to be finished in dark 
bronze or silver plate, as required. 

When specially directed these sockets will be fitted with the spiral 
spring described in standard sockets, in lieu of the commercial receptacle. 

Attachment plug for commercial wall sockets to be of hard rubber with- 
out fuses. 


INTERIOR COMMUNICATION. 
WIRING APPLIANCES. 
Cut-out Switch. 
To be of four sizes, taking 5, 10, 15 or 20 conductors, and designated 
Types A-5, A-1o, A-15 and A-20 respectively. The several circuits 
through the switch to be normally closed, but capable of being simul- 


taneously opened by the throw of an insulating strip, mounted on a 
spindle running the length of the box. 
Box. 

To be of cast brass provided with standard box stuffing tubes, as 
required. 

To have internal bosses, supporting the strips of micanite which bear 
the contact springs. 

To be provided with brass hinge bolts and wing nuts for the cover; to 
be flanged inward at the top to form a seat for the cover washer. 

To be secured in place by brass screws sunk in wells, the wells to be 
packed water-tight by the washer. 
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Cover. 
To be of cast brass having projecting lugs to receive the hinge bolts. 
To be fitted with a 2-ply cloth-insertion sheet-rubber washer, held in 
place by screws. 
To show on the outer side the words “ Cut-out switch,” also the type 
letter and number, and a serial number. 


Contact Springs. 

To be of phosphor-bronze, No. 17 B. & S. G., clamped to micanite 
strips by brass machine screws tapping into terminal blocks beneath the 
micanite. 

Terminal Blocks. 
To be of cast brass, having a boss for wire terminal connections. 


Spindle. 
To be of cast brass, slotted to receive an insulating piece of hard rubber, 
adapted to actuate the contact springs. 
To be firmly held in either open or closed position by a spring of 
phosphor-bronze, No. 17 B. & S. G. 


Wire Terminals. 


To be of soft copper, No. 20 B. & S. G., and supplied in sufficient 
quantity to make the necessary connections in the switch. To have a 
space for stamping the number of the wire lead. 


BATTERY TRANSFER SWITCH. 


To be designated Type A, and made with as many sections as required. 
Each section to throw into any one of three positions, “ Battery,” “ Off,” 
and “ Transformer ”’; the contacts being made through brass pins set in an 
insulating disc. 
Box. 

To be of cast brass provided with standard box stuffing tubes, as 
required. 

To have internal bosses to support strips of micanite bearing the con- 
tact springs, and other bosses adapted to form bearings for the spindles 
of the insulating discs. 

To be provided with brass hinge bolts and wing nuts for clamping the 
cover, and to be flanged inward at the top to form a seat for the cover 
washer. 

To be secured in place by brass screws sunk in wells, the wells to be 
packed water-tight by the washer. 


Cover. 
To be of cast brass, having projecting lugs to receive the hinge bolts. 
To be fitted with a 2-ply cloth-insertion sheet-rubber washer, held in 
place by screws. 
To show on the outer side the words “ Battery transfer switch,” the 


type letter followed by a number showing the number of sections and a 
serial number. 
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Contact Springs. 

To be of phosphor-bronze, No. 17 B. & S. G., and clamped to micanite 
strips by brass machine screws tapping into terminal blocks beneath the 
micanite. 

Terminal Blocks. 


To be of cast brass, having a boss for connecting wire terminals. 
Insulating Discs. 
To be of hard rubber; the upper end milled to serve as a handle, the 
lower end having a projecting brass spindle. 
To have two brass pins diametrically opposite each other, passing 
through and projecting slightly from the disc. 


Wire Terminals. 

To be of soft copper, No. 20 B. & S. G., with a space for stamping the 
wire number, and supplied in sufficient quantity to make the necessary 
connections in the switch; to have a space for stamping the number of 
the wire lead. 


CoNNECTION Box. 


To be made in two sizes, taking 20 or 40 conductors, and designed 
Types A-20 and A-4o respectively. 


Box. 


To be of cast brass, provided with standard box stuffing tubes, as 
required. 

To have internal lugs to support a porcelain insulator. 

To be provided with brass hinge bolts and wing nuts for clamping on 
the cover, and to be flanged inward at the top to form a seat for the cover 
washer. 

To be secured in place by cap bolts passing through external lugs, or 
by brass screws sunk in wells; the wells to be packed water-tight by the 
cover washer. 

Cover. 

To be of cast brass, having projecting lugs to receive the hinge bolts. 

To be fitted with a 2-ply cloth-insertion sheet-rubber washer held in 
place by screws. 

To show on the outer side the words “ Connection box,” the type num- 
ber and letter, and a serial number. 


Porcelain. 
To have ridges on its upper surface, between which the binding posts 
are fitted. 
To rest upon soft-rubber washers, and to be held in place by brass 
machine screws, passing through suitable bosses. 
Binding Posts. 
To be of cast brass, having a boss for connecting wire terminals. 
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Wire Terminals. 

To be of soft copper, No. 20 B. & S. G., with a space for stamping the 
wire numbers; 40 and 80 wire terminals to be furnished with boxes A-20 
and A-40 respectively. 

Push Button (Water-tight). 

To be enclosed in a cast brass case closing water-tight against a soft- 
rubber washer. 

Contact springs to be platinum tipped, and mounted on an insulating 
plate. 

All the foregoing appliances to conform strictly with the Bureau’s 
designs. 

Push Button (Nonwater-tight). 

To be enclosed in a cast brass case. Diameter of base 2% inches, height 
of cover not more than % inch. 

Contact springs to be platinum tipped, and mounted on an insulating 
plate. 

Push to be of black hard rubber. 


Single-pear Push Button. 


To be of black hard rubber, pear shaped, not longer than 3 inches, 
greatest diameter not more than 1% inch. The push to be at the lower 
end, and to be of metal heavily nickeled; contact to be made by a circular 
plate of metal, heavily nickeled, and held away from the contact screws 
by a spiral spring; contact screws to be heavily nickeled. 


Double-pear Push Button. 


To be of black, hard rubber, pear shaped, not longer than 3% inches, 
greatest diameter not more than 13% inch, thickness of shell not less than 
0.15 inch. To have one push on the end and one on the side, and to be 
of metal, nickel plated; contact points to be platinum tipped. 


Triple-pear Push Button. 


To be of similar construction to the double-pear push button, not 
longer than 3% inches, greatest diameter not more than 1% inch. To 
have one push at the end, and one at each side, at opposite ends of the 
same diameter. 

Molding. 

Molding will be in two pieces, known as molding and backing strips, as 
described in molding for lighting circuits; to be well seasoned; where run 
over hard-wood surfaces to be of the same material as the surface, and of 
the following dimensions: 

Two and one-quarter inch molding will be 2% inches wide, 13% inch 
deep, including capping; to have one gutter, 1 inch wide; side walls to be 
% inch thick. 

Two and one-half inch molding will be 2% inches wide, 2 inches deep, 
including capping; to have one gutter 134 inch wide; side walls to be % 
inch thick. 

Two and three-fourth inch molding will be 2% inches wide, 2% inches 
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deep, including capping; to have one gutter 13 inch wide; side walls to 
be }4 inch thick. 

All capping to be of same width as molding, and % inch thick. 

All backing strips to be of the same material and width as the molding, 
perfectly plain, and of a thickness (at least 4% inch) sufficient to cover al] 
rivet heads, straps, bolt heads, and nuts; and flanges to make a smooth bed 
for the molding. 

Gutters to have the same depth and width; the cross section of the 
bottom of gutters to be semi-circular. 

The foregoing specifications for wiring appliances are here intended as 
a guide only; the actual specifications cover all dimensions required. 


SPECIFICATIONS FOR WIRE SUPPLIES. 


1. All wire supplies will be classed as follows: 

(a) Lighting wire. 

(b) Bell wire. 

(c) Cable. 

2. The following general specifications apply to all wire and cable: 

First. All layers of pure Para rubber must contain at least ninety-eight 
(98) per cent. of pure Para rubber; must be of uniform thickness, elastic, 
tough, and free from flaws and holes. 

Second. All layers of vulcanized rubber must contain not less than 
forty (40) per cent. nor more than fifty (50) per cent. of pure Para rubber; 
must be concentric, continuous and free from flaws or holes; must have a 
smooth surface and circular section; and must be made to a diameter in 
the finished conductor that will be in exact conformity with the diameter 
as tabulated. 

Third. All layers of cotton tape must be filled with a rubber insulating 
compound, the tape to be of the width best adapted to the diameter of that 
part of the conductor which it is intended to bind. The tape must lap 
one-half (%) its width and be so worked on as to ensure a smooth surface 
and circular section of that part of the finished conductor which is be- 
neath it. 

Fourth. All exterior braid must be closely woven, and all, except silk 
braid, must be thoroughly saturated with an insulating water-proof com- 
pound which will neither be injuriously affected, nor have an injurious 
effect on the braid, at a temperature of 200° F. (dry heat), or at any stage 
of test, the conductor being sharply bent. Wherever a diameter over 
vulcanized rubber or outside braid is tabulated or specified, it is intended 
to secure a neat working fit in a standard rubber gasket of that diameter 
for the purpose of ensuring water-tightness of the joint, and no departure 
from such tabulated or specified diameter will be permitted. 


SPECIFICATIONS FOR LIGHTING WIRE. 


Lighting wire will be classed as single conductor arid double conductor. 
3. Single Conductor.—Table of standard dimensions: 
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7 Size Diameter, inches. <a of 
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16 eu “in Ba S. Over Over Over | Over Over 
strand. |" G, copper. — -_ tape. | braid. 
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slene 18051 7 16 .1§225 . 1837 11 13 15 
20000 22799 7 15 -17121 -202 12 14 16 
30000 30856 19 18 - 20150 2322 12 14 16 
40000 38912 19 17 . 22630 -2576 13 15 17 
50000 49077 19 16 .25410 . 2354 14 16 18 
60000 60088 37 18 - 28210 - 3134 15 17 19 
75000 75776 37 17 31682 3481 16 18 20 
100000 99064 61 18 - 36270 - 3940 18 20 22 
125000 124928 61 17 - 407 34 . 4386 19 21 2 
150000 157563 61 16 -45738 -4885 20 22 24 
200000 198677 61 15 - 51363 - 5449 22 24 26 
250000 250527 61 14 . §7672 . 6080 2 26 28 
300000 296387 g! 15 -62777 .6590 26 28 30 
375000 | 373747 gt} 14 -70488 | .7381 29 3! 33 
400000 413639 127 15 -74191 +7732 30 2 34 
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4. All conductors to be of soft annealed pure copper wire. 

5. No single wire larger than No. 14 B. & S. G. to be used. 

6. When greater conducting area than that of 14 B. & S. G. is required, 
the conductor shall be stranded in a series of 7, 19, 37, 61, 91 Or 127 wires, 
as may be required; the strand consisting of one central wire, the re- 
mainder laid around it concentrically, each layer to be twisted in the oppo- 
site direction from the preceding, and all single wires forming the strand 
must be of the diameter given in the American wire gauge table as 
adopted by the American Institute of Electrical Engineers, October, 1893. 

7. The material and manufacture of the strand must be such that the 
measured conductivity of each single wire forming the strand shall not be 
less than ninety-eight (98) per cent. of that of pure copper of the same 
number of circular mils, the measured conductivity of the conductor as a 
whole to be not less than ninety-five (95) per cent. of that of pure copper 
of the same number of circular mils. 

8. Each wire to be thoroughly and evenly tinned. 
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9. All lighting conductors shall be insulated as follows: 

First. A layer of pure Para rubber, not less than one sixty-fourth (4) 
of an inch in thickness taped or rolled on; if taped, the tape to lap one- 
half of its width. 

Second. A layer of vulcanized rubber, of exact diameter as tabulated, 

Third. A layer of commercial cotton tape, lapped to about one thirty- 
second (,,) of an inch in thickness. 

Fourth. A close braid to be made of No. 20 2-ply cotton thread, 
braided with three (3) ends for all conductors under 60,000 circular mils, 
and of No. 16, 3-ply cotton thread braided with four (4) ends for all con- 
ductors of and above 60,000 circular mils. The outside diameter over the 
braid to be in exact conformity with that tabulated. 

10. Tests—Two samples, each 500 feet long, will be selected by the 
Bureau from the coils of wire to be supplied, and must be sent by the 
contractors to the New York Navy Yard for test. 

The tests will be as follows, failing to meet which, in any particular, 
will involve rejection of the lot corresponding to the samples. 

(a) Both samples, after 24 hours’ immersion in sea water, must have 
an insulation resistance of not less than 1000 megohms per nautical mile. 

(b) Test to be at 72° F. 

(c) To be tested by the direct deflection method at a potential of not 
less than 200 volts. 

(d) Both samples will be tested for a conductivity of not less than 95 
per cent. of that of pure copper, having a cross section of the specified 
number of circular mils. 

(e) Chemical tests will be made to determine the constituents of the 
different layers of the insulation. 

(f) Braid will be tested for water-proof qualities. 

(g) Physical tests will be first made for qualities of strength, toughness, 
dimensions, etc. 

(h) The physical and electrical characteristics of the insulation under 
change of temperature will be tested by exposing the finished conductor 
for several hours at a time, alternately, to a temperature of 200° F. (dry 
heat) and the temperature of the atmosphere, during a period of three days. 

(i) The tests for characteristics of the insulation will then be repeated 
and must show no practical deterioration on the results of the former test. 

11. Double conductor —Double conductor will be classed as: 

(a) Double conductor, plain. 

(b) Double conductor, silk. 

(c) Double conductor, diving lamp. 

12. Double conductor, plain —Each conductor shall be constructed as fol- 
lows: 

First. A copper conductor consisting of seven No. 22 B. & S. G., 
tinned, annealed, pure copper wires, six of the wires to lay around the 
seventh. Each single wire to have a measured conductivity of not less 
than ninety-eight (98) per cent., and the conductor as a whole of not less 
than ninety-five (95) per cent. of that of pure copper of the same number 
of circular mils. 
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One conductor is to be covered with: 

First. A layer of vulcanized rubber to an external diameter of one hun- 
dred and eighty-one thousandths (.181) of an inch. 

Second. With a close braid of No. 60 cotton thread, braided with 
three ends. 

This conductor will form the core and the wires of the second con- 
ductor will be laid around it over the braid concentrically and smoothly. 

Over both conductors will be: 

First. A close braid of No. 60 cotton thread, braided with three ends. 

Second. A layer of vulcanized rubber to an external diameter of 
thirteen thirty-seconds (}#) of an inch, to be vulcanized before braiding. 

Third. A layer of commercial cotton tape, about one thirty-second (;;) 
of an inch in thickness. 

Fourth. A close braid of No. 30 2-ply linen gilling thread braided with 
three ends. 

Fifth. A close braid of No. 30 3-ply linen gilling thread braided with 
three ends. 

The fourth and fifth layers of braid to be thoroughly saturated with a 
water-excluding compound which will not injure the braid or render the 
conductor less pliable. 

13. Double conductor, silk.—Each conductor shall be constructed as fol- 
lows: 

First. A stranded copper conductor consisting of seven (7) No. 25 B. 
& S. G., untinned, annealed copper wires, six wires to lay concentrically 
around the seventh; each single wire forming the strand to have a meas- 
ured conductivity of ninety-eight (98) per cent. and the stranded copper 
conductor ninety-five (95) per cent. of that of pure copper of the same 
number of circular mils. 

Second. A close braid made of No. 80 Sea Island cotton thread. 

Third. A layer of pure Para rubber to a diameter of four thirty-seconds 
(x4) of an inch. 

Fourth. A close braid made of No. 60 cotton thread. 

Fifth. A close braid made of hard twisted, olive green silk. 

Sixth. Two conductors thus constructed shall be twisted together to 
form the finished conductor. 

14. Double conductor, diving lamp.—Each conductor shall be constructed 
as follows: 

First. A copper conductor consisting of seven (7) No. 20 B. & S. G., 
tinned, annealed copper wires, six of the wires to lay around the seventh; 
each single wire to have a measured conductivity of not less than ninety- 
eight (98) per cent. and the conductor as a whole of not less than ninety- 
a (95) per cent. of that of pure copper of the same number of circular 
mils. 

Second. A layer of pure Para rubber, taped or rolled on to a thickness 
of not less than one sixty-fourth (7) of an inch; if taped, the tape to lap 
one-half of its width to a diameter of one hundred and twenty-six thou- 
sandths (.126) of an inch. 

Third. A layer of vulcanized rubber to an external diameter of one 
hundred and eighty-six thousandths (.186) of an inch. 
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Two conductors thus constructed shall then be laid up or twisted 
together, and filled with jute lateral to a circular section and an external 
diameter of three hundred and seventy-two thousandths (.372) of an inch, 
The jute to be saturated with an insulating compound. 

Then to be covered with: 

First. A layer of vulcanized rubber to a diameter of eighteen thirty- 
seconds (44) of an inch. 

Second. A close braid of No. 30 3-ply linen gilling thread, braided with 
three ends. 

Third. A close braid of No. 30 3-ply linen gilling thread, braided 
with four ends. 

15. Tests —Unless called for in smaller quantities, all double conductor 
wire, plain, shall be delivered in lengths of not less than 500 feet; it shall 
have an insulation resistance between conductors and from each conductor 
to ground of at least 1000 megohms per 1000 feet after 24 hours’ immer- 
sion in sea water at 72° F. This insulation must also exist after the whole 
length has been exposed for fours hours to a temperature of 180° F. 

16. Double conductor, silk, shall have an insulation resistance between 
conductors of at least 20 megohms per 1000 feet, tested in air at a tem- 
perature of 72° F. 

17. Double conductor, diving lamp, shall have an insulation resistance 
between conductors and from each conductor to ground of at least 1000 
megohms per 1000 feet, after 24 hours immersion in sea water at 72°F. 
This insulation must also exist after the whole length has been exposed 
for four hours to a temperature of 180° F. (dry heat). 


SPECIFICATIONS FOR BELL WIRE. 


18. Bell wire will be classed as: 
Bell wire. 
Bell cord. 
Bett WIRE. 


19. Bell wire shall be constructed as follows: 

First. A copper conductor consisting of one (1) B. & S. G., No. 16, 
tinned, annealed copper wire whose measured conductivity shall not be 
less than ninety-eight (98) per cent. of that of pure copper of the same 
number of circular mils. 

Second. A layer of pure Para rubber, taped or rolled on to a thickness 
of not less than one sixty-fourth (,\,) of an inch; if taped, the tape to lap 
one-half its width. 

Third. A layer of vulcanized rubber to a diameter of fourteen hundred 
and twenty-five ten-thousandths (.1425) of an inch. 

Fourth. A layer of commercial cotton tape, about one thirty-second (7) 
of an inch in thickness. 

Fifth. A close braid of No. 40 2-ply cotton thread, braided with three 
ends. 

Unless called for in smaller lengths all bell wire must be delivered im 
lengths of not less than five hundred (500) feet. 
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Tests.—The tests, in addition to ascertaining conformity with the fore- 
going specifications, will be as follows: 

(a) The insulation resistance shall not be less than one thousand (1000) 
megohms per one thousand (1000) feet, after immersion in sea water at 
seventy-two (72) degrees F., for a period of twenty-four (24) hours. 

(b) The wire will then be subjected alternately, for several hours at a 
time, for a period of twenty-four (24) hours, to a temperature of one 
hundred and eighty (180) degrees F. (dry heat) and the temperature of the 
air. 

(c) The insulation will then be tested, after an immersion in sea water 
at seventy-two (72) degrees F., for a period of twenty-four (24) hours, 
and must show no variation on the results of the previous test. 


BELL Corp. 


20. Bell cord will be classed as: 
Bell cord, double. 
Bell cord, triple. 

21. Each conductor will be constructed as follows: 

First. A stranded copper conductor consisting of seven (7) No. 25 B. 
& S. G. untinned, annealed copper wires, six (6) wires to lay con- 
centrically around the seventh; each single wire forming the strand to 
have a measured conductivity of not less than ninety-eight (98) per cent., 
and the stranded copper conductor not less than ninety-five (95) per cent. 
of that of pure copper of the same number of circular mils. 

Second. A close braid made of No. 80 Sea Island cotton thread. 

Third. A layer of pure Para rubber to a diameter of four thirty-seconds 
(34) of an inch. 

Fourth. A close braid made of No. 60 cotton thread. 

Fifth. A close braid made of hard twisted, olive green silk. 

Sixth. Two or three conductors thus constructed will be twisted to- 
gether to form the bell cord either double or triple as required. 


SPECIFICATIONS FOR CABLE. 


22. Cable will be classed as follows: 
Controller cable. 
Interior communication cable. 
Whistle cable. 
Special cable. 


CONTROLLER CABLE. 


23. Each conductor shall be constructed as follows: 

First. A copper conductor consisting of nineteen (19) No. 22 B. & S. 
G. tinned, annealed, pure copper wires, concentrically stranded. Each 
single wire to have a measured conductivity of not less than ninety-eight 
(08) per cent., and the conductor, as a whole, not less than ninety-five 
(95) per cent. of that of pure copper of the same number of circular mils. 

Second. A layer of pure Para rubber taped or rolled on to a thickness 
of not less than one sixty-fourth (,';) of an inch. 
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Third. A layer of vulcanized rubber to an external diameter of twenty- 
eight thousand one hundred and thirty-one hundred-thousandths (.28131) 
(sx) of an inch. 

Seven conductors so constructed shall be laid up or twisted together to 
a circular section, six conductors to lay around the seventh to an external 
diameter of eighty-four hundred and thirty-eight ten-thousandths (.8438) 
(#4) of an inch. 

Then to be covered with: 

First. A layer of vulcanized rubber to an external diameter of ninety- 
six hundred and eighty-eight ten-thousandths (.9688) ({}) of an inch. 

Second. A layer of commercial cotton tape about one thirty-second (y4) 
of an inch in thickness. 

Third. A close braid of No. 30 3-ply linen gilling thread, braided with 
three ends. 

Fourth. A close braid of No. 30 3-ply linen gilling thread, braided 
with four ends, to a finished diameter of one and one-eighth (1%) inches, 

24. Controller cable shall be furnished in lengths of twenty-five (25) 
feet, each length to be fitted at each end with a thoroughly water-tight 
male coupling, the coupling to be in exact conformity with the design 
approved by the Bureau. 

25. Controller cable and couplings must show an insulation resistance 
between conductors and from each conductor to ground of not less than 
one (1) megohm after immersion in sea water at a temperature of seventy- 
two (72°) degrees F. for a period of twenty-four hours. 


INTERIOR COMMUNICATION CABLE. 


26. This cable shall contain from two to twenty separate conductors, as 
may be required. 

The unit conductor of each cable shall be constructed in conformity 
with the specifications for bell wire, except that no tape or braid shall be 
put on; the layer of vulcanized rubber must be of an external diameter 
of fourteen hundred and twenty-five ten-thousandths (.1425) of an inch. 

Each cable is then to be constructed as follows: 

The requisite number of unit conductors for each type of cable is to be 
laid up or twisted together and filled with jute laterals to a circular 
section, the lay and filling to conform to the designs approved by the 
Bureau January, 1897. 

Then to be covered with: 

First. A layer of commercial cotton tape about one thirty-second (y) 
of an inch in thickness. 

Second. A layer of vulcanized rubber, to be of circular section, and 
to have a smooth surface in the finished cable and an external diameter 
in exact conformity with that set forth in the table following. 

Third. A layer of commercial cotton tape about one thirty-second (4) 
of an inch in thickness. 

Fourth. A close braid of No. 20 2-ply cotton thread, braided with 
three ends, for all cables of less than twelve (12) conductors, and of No. 
16 3-ply cotton thread, braided with four ends, for all cable of and above 
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twelve (12) conductors. 


with any compound that will affect its color. 


695 


The finished diameter must be in exact con- 
formity with that set forth in the table following. 

Fifth. One unit conductor in each lay of the cable must be braided 
with No. 60 cotton thread. This braid to be white and not to be filled 


27. The following table contains the prescribed dimensions of the 
standard cables, in accordance with the specified construction of the 
Bureau’s designs above mentioned, No. 825 A, Equipment Department, 
Navy Yard, New York. 


DIMENSIONS OF STANDARD INTERIOR COMMUNICATION CABLE. 





Diameter in inches. 


Diameter in gy of an inch. 



































Conductors, | 
Over | Over Over vulc. Over Over 
Conductors. Tape. rubber. Tape. Braid. 
Basccescces .285 -348 16 18 21 
Soccse cove - 307 -370 17 19 22 
Besicece ese - 344 .406 18 20 23 
§ cccccccees -385 +447 20 22 25 
G6 .cccee .425 .490 21 23 26 
Pekaceoeves .428 -490 21 23 26 
SB wcccccccece 471 -533 22 24 27 
Q eeeraee eee -515 - 577 24 26 29 
MP Gebscocces -559 .622 25 27 30 
BE ceccccccce .570 -633 26 28 31 
BS wcccccccce . 592 -655 26 28 31 
ae .604 .666 27 | 29 32 
| Pee .629 .691 27 29 32 
BE cccsccecce .648 -711 28 30 33 
16.. eee .670 -732 29 3" 34 
BP coc.ce .693 -756 29 31 34 
CO 713 -775 30 32 35 
BG cccccccce: -713 -775 30 | 32 35 
BO coccocess. -738 . 800 31 33 36 
Unir ConpucTor,. 
| Diameter in inches. 
A C.M l 
t. “ ’ 
Orne, | Ongte | Omni 
16 | 2,583 .05082 .o81 | +1425 
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Unless called for in smaller lengths, all interior communication cable 
must be delivered in lengths of not less than five hundred (500) feet. 
28. Tests —The tests, in addition to ascertaining conformity with the 


foregoing specifications, will be as follows: 


(a) The insulation resistance between conductors and from conductors 
to ground shall not be less than one thousand (1,000) megohms per one 
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thousand (1,000) feet, after immersion in sea water at seventy-two (72°) 
degrees F. for a period of twenty-four (24) hours. 

(b) The finished cable will then be subjected alternately, for several hours 
at a time, for a period of twenty-four (24) hours, to a temperature of one 
hundred and eighty (180°) degrees F. (dry heat) and the temperature of 
the air. 

(c) The insulation will then be tested, after an immersion in sea water 
at seventy-two (72°) degrees F. for a period of twenty-four (24) hours, 
and must show no variation on the results of the previous tests. 


WHISTLE CABLE. 


29. Whistle cable will be classed as: 
Double conductor. 
Triple conductor. 


WHisTLe CasL_e, DousBLE CONDUCTOR. 


30. Each conductor shall be constructed as follows: 

First. A copper conductor consisting of seven (7) No. 22 B. & S. G. 
tinned, annealed copper wires, six of the wires to lay around the seventh; 
each single wire to have a measured conductivity of not less than ninety- 
eight (98) per cent. and the conductor as a whole of not less than ninety- 
five (95) per cent. of that of pure copper of the same number of circular 
mils. 

Second. A layer of pure Para rubber, taped or rolled on to a thickness 
of not less than one sixty-fourth (,/,) of an inch; if taped, the tape to lap 
one-half its width to a diameter of one hundred and six thousandths 
(.106) of an inch. 

Third. A layer of vulcanized rubber to an external diameter of two 
hundred and forty-six thousandths (.246) of an inch. 

Two conductors so constructed are to be laid or twisted together and 
filled with jute laterals saturated with an insulating compound to a cir- 
cular section and an external diameter of four hundred and ninety-two 
thousandths (.492) of an inch. 

Then to be covered with: 

First. A layer of commercial cotton tape to a diameter of five hundred 
and fifty-two thousandths (.552) of an inch. 

Second. A layer of vulcanized rubber to a diameter of twenty-one 
thirty-seconds (#}) of an inch. 

Third. A close braid of No. 30 3-ply linen gilling thread braided with 
four (4) ends, to a finished diameter of eight hundred and thirty-two 
thousandths (.832) of an inch. 


WHIsTLE CABLE, TRIPLE CONDUCTOR. 


31. Each conductor shall be constructed as follows: 

First. A copper conductor consisting of seven (7) No. 22 B. & S. G. 
tinned, annealed copper wires, six of the wires to lay around the seventh; 
each single wire to have a measured conductivity of not less than ninety- 
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eight (98) per cent. and the conductor as a whole of not less than ninety- 
five (95) per cent. of that of pure copper of the same number of circular 
mils. 

Second. A layer of pure Para rubber, taped or rolled on to a thickness 
of not less than one-sixty-fourth (;';) of an inch; if taped, the tape to lap 
one-half its width, to a diameter of one hundred and six thousandths 
(.106) of an inch. 

Third. A layer of vulcanized rubber to an external diameter of two 
hundred and six thousandths (.206) of an inch. 

Three conductors so constructed are to be laid or twisted together and 
filled with jute laterals saturated with an insulating compound to a cir- 
cular section and an external diameter of four hundred and forty-three 
thousandths (.443) of an inch. 

Then to be covered with: 

First. A layer of commercial cotton tape to a diameter of five hundred 
and three thousandths (.503) of an inch. 

Second. A layer of vulcanized rubber to a diameter of twenty-one 
thirty-seconds (#4) of an inch. 

Third. A close braid of No. 30, 3-ply linen gilling thread, braided 
with three ends. 

Fourth. A close braid of No. 30, 3-ply linen gilling thread, braided 
with four ends, to a finished diameter of eight hundred and thirty-three 
thousandths (.833) of an inch. 

Unless called for in smaller quantities, all whistle cable must be de- 
livered in lengths of not less than 500 feet. 

32. Tests —The tests, in addition to ascertaining conformity with the 
foregoing specifications, will be as follows: 

(a) The insulation resistance between conductors and from conductors 
to ground shall not be less than 5000 megohms per 1000 feet after im- 
mersion in sea water at 72° F., for a period of 24 hours. 

(b) The finished cable will then be subjected alternately for several 
hours at a time, for a period of 24 hours, to a temperature of 200° F. 
(dry heat) and the temperature of the air. 

(c) The insulation resistance will then be tested, after an immersion in 
sea water at 72° F., for a period of 24 hours, and must show no variation 
on the results of the previous test. 


SpecraAL CABLE FOR ENGINE TELEGRAPH (FISKE). 


33. The transmitter and receiver shall be connected by a cable of two 
30,000 cm. (30,858 cm. actual) standard lighting wires, except that they 
shall not be covered with tape or braid. 

Two such wires will be laid up or twisted together with jute laterals 
saturated with an insulating compound to a circular section and an ex- 
ternal diameter of #4 of an inch. 

Then to be covered with: 

First. A layer of commercial cotton tape about »; of an inch in thick- 
ness. 

Second. A layer of vulcanized rubber to an external diameter of $$ 
of an inch. 

48 
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Third. A layer of commercial cotton tape about sy 


ness. 
Fourth. A close braid of No. 20, 2-ply cotton thread, braided with 
three ends to a finished diameter of 1, inches. 


of an inch in thick. 


SpEcIAL CABLE FOR RANGE FINDER (FISKE). 


34. The connections for the range finder shall be run by cable of the 
following construction: 

The conductors shall consist of three (3) 20,000 cm. (22,799 cm. actual) 
standard lighting wires, and one (1) standard bell wire, except that they 
shall not be covered with tape or braid. 

The four wires so constructed shall be laid or twisted together with 
jute laterals, saturated with an insulating compound, to a circular section 
and an external diameter of twenty-eight thirty-seconds ({}) of an inch, 
the three large conductors to lay around the bell wire. 

Then to be covered with: 

First. A layer of commercial cotton tape about one thirty-second (4) 
of an inch in thickness. 

Second. A layer of vulcanized rubber to an external diameter of one 
and one-sixteenth (1,';) inches. 

Third. A close braid of No. 16, 2-ply cotton thread to a finished 
diameter of one and one-eighth (11%) inches. 


PERMANENT AND MOVABLE ELECTRIC LIGHT FIXTURES. 


PERMANENT ELectric Licut FIXTURES. 


1. The standard permanent fixtures are: 
Bulkhead. 
Bunker. 
Ceiling Nos. 1, 2, 3. 
Steam tight. 
Bracket (single or double). 
Double truck. 
Binnacle light. 


MovaB_e Exectric Licut Fixtures. 


2. The standard movable fixtures are: 
Desk light. 
Running lights (masthead and side). 
Towing light. 
Top-light. 
Stay light. 
Magazine lantern. 
Signal lantern (white, green or red). 
Battle lantern. 
Deck lantern. 
Portable. 
Cargo reflector. 
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Navigator’s lantern. 
Diving lantern. 
Telegraph light. 
3. All the foregoing fixtures and lights must conform strictly to the 
Bureau’s designs, blue prints of which can be had on application to the 
Bureau or to the Equipment Department, New York Navy Yard. 


ELECTROLIERS. 

4. Electroliers are to be of commercial types, finished in silver or dark 
bronze or as directed. 

5. Those for torpedo-boats will combine two electric lights with a lamp 
of hurricane type. Electroliers will be supplied, wired and fitted with 
shades and key sockets; the shades and sockets to be of standard pattern. 

6. Electroliers to be fitted with four stay chains of same finish as the 
fixture. 

PERMANENT FIXTURES. 


7. Bulkhead and steam-tight fixtures will be finished in dark bronze. To 
be supplied with globe, mounting block and socket, of standard pattern. 

8. Ceiling fixtures No. 1, No. 2 and No. 3 are intended for general use. 
The No. 3 to be used as electroliers. All to be finished in oxidized 
silver or dark bronze or as directed; each to be supplied with globe, 
mounting block and socket of standard pattern. 

9. Commercial ceiling fixture of same design as desk-light shade-holder, 
but fitted to a base similar to that of the single bracket; to be supplied with 
shade, mounting block and key socket of standard pattern; to be finished 
in silver or dark bronze or as directed. 

10. Brackets to be finished in silver or dark bronze or as directed; to be 
fitted with shade, mounting block and key socket of standard pattern. 


MoOvABLE FIXTURES. 


11. All shades, shade-holders, globes, sockets and gaskets shall be those 
of the Bureau’s standard patterns and designs. 

12. Desk lights, intended for use in offices and staterooms, will be fin- 
ished in either silver plate or dark bronze or as directed. All desk lights 
to be fitted with shade-holder, shade and key socket of same finish. 

13. Running lights, finished in dark bronze, fitted for two lamps; the 
masthead type to be used for towing light and top light; side lights to be in 
pairs, one starboard and one port; the colored shades for side and signal 
lights to be of an approved depth of color, and to be subject to a test for 
color at the Navy Yard, New York. Running lights, towing and top 
lights to be fitted with two keyless bronze sockets and two D. 13 gaskets. 

14. Magazine lantern, finished in dark bronze and fitted for two lamps 
and reflectors, to show light on four sides. A seat will be provided for 
regulation magazine candlestick. 

15. Signal lantern, finished in dark bronze, intended for signal purposes. 
a lanterns to be fitted with keyless bronze socket and D. 13 
gasket. 
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16. Deck lantern, finished in dark bronze and intended for general use 
It can be used with or without any of its parts, i.e. wire guard or steam- 
tight globe. 

17. Battle lantern to be similar to deck lantern, but to have in addition a 
metal shield with slide for the purpose of shutting off the light at the side 

18. All deck and battle lanterns to be fitted with steam-tight globe 
keyless bronze socket and D. 13 gaskets. 

19. Portabie, finished in dark bronze. All portables to be fitted with 
keyless bronze socket and D. 13 gasket. 

20. Cargo reflector, finished on the outside of reflector in dark bronze, 
inside in white enamel; to be fitted with four bronze keyless sockets and 
D. 13 gasket. 

21. Navigator's lantern, finished in dark bronze, to be fitted with bronze 
key socket and D. 13 gasket. 

22. Diving lantern, polished brass finish, to be fitted with bronze keyless 
socket and two C. 18 gaskets. 

23. Telegraph light, for lighting mechanical telegraphs, finished in dark 
bronze, to be fitted with standard instrument light socket, rectangular 
base, and D. 13 gasket. 


SHADES AND GLOBES. 


24. Shades.—Shades to be 3% inches in diameter at holder, 6 inches wide 
at mouth, and 4 inches deep; mouth to have 12 flutes; to be of the best 
opal glass. 

25. Globes.—All globes to be the best quality of flint glass; those speci- 
fied to be ground will be ground on the inside only, and sufficiently to 
soften the light but not to cut it off to any great extent. 

26. Steam-tight globes —Steam-tight globes to be of clear glass, not more 
than % inch thick nor less than % inch thick; outside length, 8 inches; 
outside diameter, 3% inches. 

27. Globes for ceiling fixtures —Globes for C. F. No. 1 to be of ground 
glass, 5 inches in diameter and 6 inches deep; to be not more than ¥ 
inch nor less than % inch thick; to secure to the metal collar of the 
fixture by means of a coarse screw thread, 4 to the inch. Globes for 
C. F. No. 2 and No. 3 to be either ground or clear, as directed, not more 
than % nor less than % inch thick; diameter inside, 734 inches; depth 
inside, 3% inches. To secure to the metal collar of the fixture by means 
of a coarse screw thread, 4 to the inch. 


LENSES. 


28. Lenses for running lights to be French Fresnel lenses, the separate 
pieces to be cut, polished and set in a metal frame. For signal lanterns 
the pressed lens, carefully polished, will be allowed. 

29. All fixtures, lights and accessories to be of the best quality and 
workmanship; the plating and bronzing to be of the most durable kind 
and sufficiently heavy to withstand the action of salt water, and shall be 
subject to test as to the fulfillment of these specifications, at the New 
York Navy Yard, or as directed. 
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ACCESSORIES AND INSTRUMENTS. 


SWITCHBOARD. 


1. The design of switchboard in general to be such that any number of 
dynamos may run singly on the lighting, search-light or motor circuits, 
or any combination of them in parallel; and any combination of the num- 
ber of the dynamos may run in multiple on any of the circuits, or any 
combination of them in parallel. 

2. The switchboard to consist of a switchboard proper and two instru- 
ment boards, the bases of all to be made of slate or marble of uniform 
thickness, not less than 1 inch. If slate is used it will be finished with 
black enamel on all sides. 

3. The switchboard proper shall have two common positive bars and as 
many double negative bars as there are dynamos used in connection with 
it. 

4. The material of the bars to be of copper of high conductivity, the 
size to be ample for any capacity that may be demanded of them. 

5. Allowance to be made in securing the bars to the board to insure 
against detrimental effects from expansion. 

6. Both positive and negative bars shall be permanently connected at 
the back of the board, and each shall have as many terminals as there 
are dynamos. 

7. There shall be a double-pole switch, of all-drawn pure copper, for 
each dynamo, connecting the terminals of the equalizing wire and of the 
negative bus bars with a common equalizer and a common negative bar. 

8. The circuits to terminate at the back of the board; conical copper 
thimbles to be provided for capping the ends of the feeders; the thimbles 
to fit in conical holes on the back of the board and to be secured by 
screws. 

9. The positive leg to be connected by a single switch to the positive 
bus bar, and the negative leg by a double-throw shifting switch, by 
which current is taken from the negative bus bar. 

10. The circuit switches to carry 150 amperes unless otherwise directed; 
the negative bus bars to carry the maximum capacity of their dynamos; 
the positive bus bars to carry the maximum capacity of all the dynamos 
connected to either leg. There must be a spring clip fuse between each 
terminal and corresponding bus bar. 

11. Name plates shall be furnished showing the serial number of each 
circuit, the character and location of its load. 

12. The name plates to be placed adjacent to their respective switches 
and fuses. 

13. A name plate is to be furnished showing the name of the vessel to 
which the switchboard is to be supplied. 

14. Each negative bus bar shall have at its upper end a number cor- 
responding to the number of the generating set with which it is connected. 

15. The instrument boards will be 12 inches in width and of the same 
length and thickness as the switchboard proper. 

16. The left-hand instrument board to be provided with a voltmeter 
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for each generating set; the connections to be made directly to the dynamo 
terminals. 

17. The right-hand board to be provided with as many direct-reading 
ammeters as there are generating sets. 

18. A separate board to be provided with a separate voltmeter and am- 
meter for each search-light installed, the instruments for each circuit 
to be mounted one above the other, the voltmeters uppermost. 

19. Ammeters and voltmeters for the generating sets to be marked 
with the number of the set; ammeters and voltmeters for search-light 
circuits to be marked with the name and number of the particular light. 

20. The shunt rheostats to be mounted on a separate panel of similar 
material to that of the switchboard; to be placed in regular order and 
marked with numbers corresponding to those of the generating sets. 


FIELD RHEOSTATS. 


21. Field rheostats are to be constructed with reference to the par- 
ticular service required of their generating sets, and shall contain no 
combustible or absorbent material. 

22. They must be as compact as possible, be well ventilated, have suffi- 
cient range to compensate for the increased resistance of the field coils 
due to heating, and have the contact points so arranged that the resist- 
ance of the field coils can be varied by small amounts. 

23. The material of the coils must be such as will resist oxidation and 
will insure that heating will not affect the constituent metals of its alloy. 

24. Each rheostat shall be marked with the factory number, the num- 
ber corresponding to the generating set with which it is used, and also 
with the words “ high” and “ low,” to indicate the direction of the motion 
of the handle required for increased or decreased voltage. 

25. Rheostats must be of approved design, construction and operation. 


GAUGES. 


26. All gauges to have a 5%-inch dial, with single Bourdon spring, 
Union steam-gauge cocks and solid-drawn seamless tube. 

27. Steam gauges to be graduated for o to 160 pounds inclusive. 
Vacuum gauges to be compound pressure, and vacuum gauges graduated 
for 30 inches vacuum and 40 pounds steam. 

28. Gauges to be finished in nickel plate. 


CYLINDER LUBRICATORS. 


29. Cylinder lubricators to be of half-pint or pint capacity, as directed. 

30. To be double-connection automatic sight feed, for stationary engines, 
and of standard pattern. 

31. The construction to comprise: Oil reservoir; oil filter; water-feed 
valve; valve to regulate flow of oil; steam tube and condensing chamber; 
drain valve to draw off water, sight feed glass; indicator glass; oil-dis- 
charge pipe; valve to correct pulsation and unsteadiness of feed vent. 

32. Each to be supplied with a copy of directions for use and two extra 
sets of glasses and washers. 

33. The finish to be nickel plate. 
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AMMETERS AND VOLTMETERS. 


34. To be of the movable coil type; those for use on switchboard or 
with search-lights to be circular; to be direct reading, and deadbeat 
without mechanical damper. The scales to be evenly divided over the 
entire range, beginning at zero. To have no magnetic lag. The tem- 
perature correction to be a minimum. The heating effect to be negligible. 
The parts to be made to gauge and strictly interchangeable. 

35. The stops must arrest the motion at the coil and not at the pointer. 

36. The scale must be varnished and thoroughly cemented to the sup- 
port. The pointers to be well balanced and very narrow in the direction 
of the plane of the scale. 

37. Scales for switchboard and search-light voltmeters must read to 125 
volts inclusive. 

38. Scales for switchboard and search-light ammeters must read to 50 
per cent. above the rated load of dynamo or search-lights. 

39. Switchboard and search-light ammeters and voltmeters to have 
water-tight cases, with a special compartment for circuit connections 
inside the case; the ammeters to be of the shunt type, the shunts to be 
contained in special water-tight metal cases; the voltmeters to be fitted 
with a normal index. 

40. Portable ammeters must have a scale to 150 inclusive, and be sup- 
plied in a carrying case of varnished hard wood. 

41. Portable voltmeters must have 15 and 150 scales, and be supplied in a 
carrying case of varnished hard wood. 


TACHOMETER AND COUNTER. 


42. Portable hand tachometers are to be furnished in morocco cases. 

43. The scales to be graduated from 100 to 1,000 revolutions. 

44. Each tachometer to be supplied with two sets of gear wheels, by 
which speeds of 50 to 500 and 200 to 2,000 may be indicated. 

45. Hand counters are to be furnished in morocco cases; to be of an 
approved type. 

46. Tachometers and counters are to be finished in nickel plate. 


TEsTING SETS AND GENERATORS. 


47. Portable testing sets are to comprise a Wheatstone bridge, rheostat 
galvonometer, battery and keys, in polished mahogany cases. 

48. The bridge coils to be of I—10—100 and 10—100—1,000 ohms with 
reversing arm plug switch. 

49. The rheostat coils to be of 1—2—2—s5—10—20—20—50— 100—200— 
200—500—1I,000—2,000—2,000—5,000 ohms. The coils to be of platinoid, 
and to be accurate to within one-fifth of 1 per cent. 

50. The galvanometer to be of D’Arsonval pointer type, and to have a 
sensibility of not less than one division, with one Leclanche cell, through 
100,000 ohms in circuit. 

51. The battery to consist of six chloride of silver cells, with suitable 
selecting cords admitting of connections to any two in the three sets. 
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52. The keys to be separate for battery and galvanometer. 

53. Connection diagram and direction for use to be on a card on the 
inside of the lid of the case. 

54. Testing generators must be furnished in a varnished hard-wood 
case and have sufficient capacity to ring through an external resistance 
of 50,000 ohms. The bells must be fitted inside the case; the binding 
posts to be outside of the case. 

55. The instruments to be supplied with a leather handle on the same 
side with the binding posts, a crank permanently attached, and a 3-point 
switch. The top and bottom of the case to be screwed to the sides. 


INDICATORS. 


56. A set of steam-engine indicators will consist of two indicators, to 
be one right-handed and one left-handed, or two right-handed and two 
left-handed, as directed. 

57. Each set to be furnished in one well-finished, strongly made, var- 
nished hard-wood box, with brass hinges and catches, leather strap, lock 
and key. Each set to be supplied with the following articles: Four springs, 
scale to be as directed; two attachment valves; one bottle watch oil; one 
pad of 100 cards for indicator, 4 by 7% inches; one screw-driver; one 
scale rule for each scale of spring; one box pencil leads; two extra hanks 
of cord; two hooks for cord; two extra drum springs; one book direction 
for use; necessary wrenches. 


PORTABLE VENTILATING SETS. 


58. To consist of an exhaust fan actuated by an electric motor having a 
common shaft. 

Capacity. 

59. Rated horse-power of motor, one quarter; weight of set without 
box, hose or spare brushes, maximum 90 pounds; normal speed (a maxi- 
mum deviation of 10 per cent. to be allowed either way), 2,200 revolu- 
tions per minute; minimum cubic feet of air delivered per minute, free 
exhaust, 500; minimum velocity of the air in feet per minute, free exhaust, 
4,000. 

Dimensions. 

60. Height over all to top of oil cup (maximum), 18% inches; length 
transversely to shaft (maximum), 18 inches; width with shaft (maximum), 
12 inches; width, center line of exhaust case to outer end of motor 
(maximum), 834 inches; extreme diameter inlet, 534 inches; extreme diam- 
eter outlet, 434 inches. 

Exhauster. 

61. To be of centrifugal type. 

62. The motor to be on the right-hand side as seen facing the outlet. 

63. The base to be extended to properly support the weight of the motor. 

64. Handles are to be provided for convenience in handling the set. 
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Motor. 

65. The motor to be series wound for 80 volts, four pole, four field coils; 
armature to be slotted ring; series wound with the cross connections 
back of the commutator. 

66. The brushes to be carbon, copper plated, end feed at angle to radius. 

67. The brush holders to be provided with facilities for adjustment and 
for securing in proper position. 

68. The headboard to have binding posts connecting to the line wires 
and the junction between the field and armature windings. 

69. The construction to be such as will prevent any accidental contact 
with this connection by line wires. 


Heating. 


70. The journal is to run cool. 

71. The maximum increase of the temperature of the windings of both 
the field and armature shall not be more than 70° F. over that of the 
surrounding air, measured by increase of resistance method when run 
on free inlet and outlet. 

72. The motor shall not be ventilated through the fan. 


Lubrication. 


73. The journal is to be efficiently lubricated by a sight feed oil cup of 
sufficient capacity for an 8-hour run, which is to be located on the top 
of the motor frame and connected to the journal by a feed tube. 

74. The ends of the support to journal bushing are to be provided 
with extensions and channels adapted to catch the expended oil and 
conduct it through a tube to a receptacle at the bottom of the set which 
is to be provided with a drip cock for emptying as required. 


Insulation. 


75. No insulating material that can be injured by moisture or a tem- 
perature of 200° F. shall be used. 

76. All the turns, windings and cross connections to be coated with an 
approved insulating varnish as wound on or put in place. 

77. The completed field coils and armature shall be thoroughly covered, 
to exclude oil moisture. 

78. The insulation resistance between the conductors of the connected 
machine and frame shall not be less than 1 megohm, measured with not 
Over 1,000 volts before and after test. 

79. To be furnished with six extra set brushes, two extra oil-cup glasses, 
one extra set brush-holder springs, two 25-foot lengths canvas hose fitted 
with couplings, to attach together or to either the inlet or outlet of the 
exhauster. 

80. To be supplied in a painted, hard-wood, strongly-made, tightly- 
fitted, screw-fastened box with brass hinges, lock and transporting handles. 
Chocks to be fitted and secured to keep the set in place when transported. 
The spare parts to be fitted in separate divisions in upper part of box. 
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DesK AND BRACKET FANs. 


Desk Fans. 


81. Desk fans will be one-twelfth H. P. capacity and wound for 110 
volts; the fan to be bladed, and 12 inches diameter. 

82. To have a starting and regulating switch in the base and rheostat 
in the column, giving three speeds at its voltage of about 1,800, 1,400 and 
1,000. 

83. The bearings to be self-oiling and self-aligning; to operate without 
throwing or dripping of oil. 

84. All outside brass fittings to be polished. 

85. The finish, including fan and guard, to be black japanned. The base 
to be provided with three rubber washers, to deaden vibration and pre- 
vent slippage. 

86. The armature to be slotted drum. The field and armature to be 
satisfactorily protected from the access of moisture, oil and dirt. The 
brushes to be carbon with end feed. The insulation resistance to be not 
less than 1 megohm, measured with not more than 500 volts. 

87. The operation to be with a minimum of noise, friction and vibration. 

88. The serial factory number and maker’s name to be on a name plate. 

89. Each set will be supplied with an extra set of brushes for each fan. 


Bracket Fans. 

go. Bracket fans are to have a rated capacity of one-sixth H. P., to be 
wound for 110 volts, and to be fitted with a 4-bladed fan 16 inches in 
diameter. 

g1. The specifications for finish, switch and rheostat, bearings, fittings, 
fan, guard, base, armature, protection of armature and field, brushes, 
insulation resistance, operation, name plate and spare brushes will be the 
same as those prescribed for the 12-inch desk fan. 

92. The base to be constructed for securing against a bulkhead. 

93. The motor and fan to be so mounted that the direction of the air 
current can be varied. The speeds to be about 1,500, 1,200 and 800. 


RHEOSTATS FOR Morors. 


94. To be of four types: (a) Starting; (b) regulating; (c) regulating and 
reversing; (d) special, to be as directed. 

95. All are to be provided with an automatic circuit braker to protect 
the armature in the case of overload, or failure to open the circuit at the 
rheostat. 

96. Unless otherwise directed: (a) The resistance on the first point shall 
be such that 80 per cent. of the line voltage shall be dropped in the 
rheostat with the current of the rated capacity; (b) the device shall open 
the circuit at 50 per cent. over load. 

97. The capacity is to be obtained without paralleling of coils, unless 
they are capable of carrying the full-line voltage. 

98. Starting rheostats shall be capable of carrying safely the full-rated 
current for 15 seconds. 
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99. Regulating and reversing rheostats shall be of such resistance and 
capacity as shall be directed. Reversing rheostats shall reverse the arma- 
ture current only. Regulating rheostats shall be used in all cases for 
ventilating sets. 

100. The construction throughout shall be fireproof. All springs to be 
of phosphor-bronze and to carry no current. All slate to be black enam- 
eled over the entire surface to prevent absorption of moisture. All wind- 
ings of cut-out magnet coils to be run through an approved insulating 
varnish as it is wound on. The outside of the coils to be well varnished 
and taped. No combustible or absorbent material to be used. 

101. The terminals shall be marked with a designing letter or number. 
The factory number and capacity of the rheostat to be plainly marked. 
The contact points to be ample in size and well fitted on surfaces. 

102. The circuit to be opened by a quick uncontrolled movement for 
the larger sizes. Where the current is of sufficient power to necessitate 
it, the makes and breaks shall be made on auxiliary points. When so 
directetd the entire rheostat and contacts, excepting the lever, shall be 
enclosed in a water-tight fire-proof case. In this case the lever is to be 
provided with marks indicating the different positions of control. The 
insulation resistances to be not less than 1 megohm. 

103. All rheostats to be of approved design, construction and operation. 


ELECTRIC OPERATORS FOR STEAM WHISTLES AND SIRENS. 


104. To consist of: A valve operated by an electromagnet and also by 
hand; a clockwork mechanism by which a contact is kept closed auto- 
matically for 6 seconds in every minute; a switch by which the valve is 
controlled from the bridge. 

105. The base of the valve chamber is to be a composition casting 
flanged to 6% inches, to make a flange joint with 2%-inch iron pipe size 
pipe. The main valve is to be operated by an auxiliary valve, which is 
in turn operated by the armature of the magnet; the hand-control lever 
to operate directly on the spindle of the main valve. 

106. The lever is to be mounted and supplied with a phosphor-bronze 
retracting-spring guide pulley, with clamp for securing to the steam pipe. 
A turned and polished mahogany handle is to be supplied for the chain. 
The lever and handle are to be provided with shackles for attaching the 
chain. 

107. The magnet is to be placed in a water-tight metal case. The coils 
shall be multiple wound, so that the self-inductive discharge shall be 
minimized. A device for absorbing the inductive discharge shall be pro- 
vided and located at the terminals in the magnet case. The magnet is to 
be so designed that the maximum increase in temperature over the sur- 
rounding air shall not be over 70° F., measured by the electrical method. 
The wire is to be run through an approved insulating varnish as it is 
wound on. The exterior of the coils is to be well varnished and covered. 
The connection to the circuit is to be made in a cable coupling case in 
which the conduit terminates. The terminals of the coil are to be well 
secured, and with a considerable length of surface insulation. 
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108. The clockwork mechanism is to be mounted in a metal case with 
hinged lock cover. The clockwork is to be an 8-day movement with all 
parts of non-oxidizable metal. Means are to be provided for the visual 
indication of the operation of the clockwork and for starting. The con. 
tact points to be of platinum and of ample size for extended service with- 
out renewal, and to give a double-pole break. A separate double-pole 
contact device shall be provided in the case, so that the apparatus can be 
controlled in the chart-house. 

109. The controlling switch for the bridge shall be of water-tight con- 
struction. To be adapted for mounting on a bulkhead or bridge rail, 
The movement of the lever to the first point to give a closed circuit fora 
continuous or at-will blast. The secured point to be in a series with the 
automatic contact which is operated by the clockwork. Means for re- 
taining the switch on this point are to be provided. The entire mechanism 
of the controlling switch is to be mounted on one base; the functions of 
the points to be indicated. 

110. The tests will be made for normal operation at 80 volts, and 160 
pounds steam. The construction and fixed adjustment shall also be such 
that the operation shall be efficient and the parts shall withstand, without 
detriment, an operation at 60 and 100 volts, and 50 and 300 pounds steam 
and water pressures. 

111. All terminals to be marked with a designating letter or number. 
Each outfit to be supplied with: One set spare springs for clockwork; 
one extra key for case; ten feet brass flat-link chain for hand operation; 
one copy instructions for care and operation; one copy of diagram of con- 
nections. 

112. All to be of approved design, construction and operation. 


ANNUNCIATORS. 


113. Annunciators to be of two types: Water-tight and nonwater-tight. 


Annunciators (W ater-tight). 


114. To be of the drop type. Cases to be of composition, polished on 
the outside. Covers to be made water-tight by flat 2-ply cloth-insertion 
rubber gaskets, secured by 6-32 F. H. machine screws. Special provision 
is to be made for clamping down the hinged side in addition to the other 
sides, the clamping to be effected by swinging screws and butterfly nuts; 
the ends of the screws to be split and spread to prevent the nut from 
working loose. The flange is to be flush with the back. 

115. The stuffing tubes to be furnished separately, with gaskets, and to 
be the standards shown in the Bureau’s designs. 

116. The magnet coils to be wound with singie cotton-covered copper- 
magnet wire, the wire to be run through an approved insulating varnish 
as it is wound on. 

117. The outer surface of coils to be well varnished before being covered. 

118. The magnet heads to be of hard rubber. 

119. The drop mechanism to be of such design and construction as to 
effectually prevent the drops from operating when exposed to the motion 
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of the vessel or external mechanical shock or jar, particularly that of 
heavy guns. 

120. All wooden interior parts to be well soaked in oil, and varnished 
before being secured in place. 

121. The springs to be phosphor-bronze. 

122. All interior metal parts to be nickel plated. 

123. The drops to be reset by a plunger operating through the bottom 
of the case through a water-tight stuffing tube. 

124. Each annunciator to be provided with a 3-inch water-tight bell of 
standard pattern. 

Annunciators (Nonwater-tight). 

125. Cases to be of solid polished mahogany. All interior wooden sur- 
faces to be oiled and varnished. 

126. The drop mechanism and magnet coils to be the same as that 
specified for annunciators, water-tight. 

127. Each to be provided with one iron-box buzzer of standard pattern. 

128. Annunciators for fire alarms will have in addition a separate board 
with push connections for making or breaking each circuit running to the 
beard. 

129. Large annunciators will be provided with a ledge underneath the 
outer hinged part to support the weight when open. 


BELLS. 


130. Bells to be water-tight or nonwater-tight as directed, and of two 
kinds: Vibrating bells; single-stroke bells. 

131. All bells directed to be water-tight must conform strictly to the 
Bureau’s designs; the sizes to be designated by the diameter of the gong. 


Vibrating Bells. 

132. Water-tight vibrating bells are to be in two sizes, 3-inch and 6-inch, 
as may be required. 

133. Nonwater-tight vibrating bells to be of commercial iron-box type; 
to be in two sizes, 2% inches and 5 inches, as may be required; the cover 
to be secured by a lug fitting under a recess on the gong side, and a snap 
spring on the opposite side; the spring and lug to insure that the cover 
will not fall off under mechanical shock or jar. To have pivoted armature 
and non-turning binding posts; to ring easily on one Leclanche cell and be 


. adjustable to ring on an increased number of cells. 


Single-stroke Bells. 
134. Water-tight single-stroke bells to be 6-inch, and of same pattern as 
the water-tight vibrating bell. 
_ 135. Nonwater-tight single-stroke bells to be of commercial iron-box 5- 
inch type, and of the same pattern as the nonwater-tight vibrating bell; 
to have non-turning binding posts and ring easily on one Leclanche cell 
and be adjustable to ring on an increased number of cells. 


Buzzers. 


136. Buzzers to be water-tight and nonwater-tight, as directed. 
137. Water-tight buzzers will conform strictly to the Bureau’s design, 
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all contacts to be of platinum. Bosses for screws to be flush with the 
back of the case. All wire of windings to be run through an approved 
insulating varnish as it is wound on; the windings to be varnished before 
covering is put on. Joints to be rosin soldered and taped. 

138. Nonwater-tight buzzers are to be of the iron-box type; the case, 
mechanism and cover to conform to the specifications for the 24-inch 
water-tight bell. All contacts to be of platinum. The outside of the 
coils to be well varnished or shellaced before covering. 

139. All buzzers to ring easily on one Leclanche cell and be adjustable 
to ring on an increased number of cells. 


CEILING BuTTONS. 


140. Ceiling buttons to be of commercial porcelain type, 1% inch in 
diameter. 

141. The interior of the base to be conical, to have a central hole for 
the wire lead not less than five-sixteenths of an inch in diameter; to be 
provided with two screw holes for securing to the woodwork, and two 
scores in the rim for leading in the wires. 


THERMOSTATS. 


142. Thermostats will be of the mercurial type; the mercury to be 
strained and pure. 

143. The contact to be made in an enclosed air-tight chamber. 

144. The increase of temperature necessary for efficient operation must 
have no detrimental effect on the efficiency, operation or construction of 
the device. 

145. To be non-adjustable; the insulating material to be of such a nature 
or so treated as to prevent the absorption of moisture, in order to pre- 
vent grounding or short-circuiting. 

146. The chamber to be arched in its upper part in order that the 
mercury may have free access to the contact point; the chamber sur- 
rounding the contact point to be of a reduced cross section. 

147. The supporting and containing flange to be as light as possible and 
to touch in three small surfaces only, sc that there may be a minimum 
conduction of heat from the mercury. The diameter of the flange to be 
1% inch, with two five thirty-seconds inch holes on a diameter; distance 
to be 1% inch center to center. The body to be not over 1;'; inch 
diameter, and 1% inch high over head of screw. 

148. Thermostats are to be tested by suspending them in dry air, steam- 
coil heated. They must close the circuit at not less than 200° nor more 
than 220° F., and not require more than ten minutes to do so. 


TELEGRAPHS AND INDICATORS. 
149. The connecting points for all telegraphs and indicators are to be 
distinctly marked with a designating number, to facilitate connections and 
avoid danger of burning out. 
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Engine Revolution-order Telegraphs. 


150. Engine revolution-order telegraphs are to be as compact as pos- 
sible, that they may be installed in conning towers. 

151. The part of the device intended for use on the bridge (or in chart- 
house or conning tower) to consist of a transmitter and reply receiver; the 
scale to indicate each revolution, unless otherwise directed, and be capable 
of indicating each individual point of the scale within the assigned limits. 

152. The motion of the handle or lever is to be in the same direction 
as the desired motion of the vessel unless impracticable from the principle 
of operation of the instrument; any motion of the handle in either direc- 
tion must operate a distinctly audible signal in the engine-room. 

153. The construction of the instrument to be such that it can be 
mountetd on a column. In twin-screw vessels it is very desirable that 
the instruments for both engine-rooms shall be combined in order to 
secure convenience of operation and simultaneous transmission to both 
engines. 

154. The instruments that are to be placed in the engine-room to con- 
sist of a receiver and a reply transmitter, the dials to correspond to those 
of the instruments on deck. 

155. The direction of the motion of the handle or lever of the reply 
transmitter to be in the same direction as the motion of the vessel indi- 
cated by the deck order, unless impracticable from the principle of opera- 
tion of the instrument. 

156. The construction of the instrument to be adapted for mounting on 
bulkheads; in twin-screw vessels to be mounted on the longitudinal bulk- 
head. 

157. All transmitters, reply transmitters, receivers or reply receivers 
must be thoroughly water-tight; their dials to be illuminated by standard 
instrument lamps; the handles or levers to be capable of being secured or 
removed when the instruments are not in use. 

158. The design of engine revolution-order telegraph devices must be 
such that they will operate efficiently irrespective of ordinary variations 
of circuit potential. 

159. All engine revolution-order telegraphs, connections and instru- 
ments to be of approved design, construction and operation. 


Helm-order Telegraphs. 


160. Helm-order telegraphs are to be of the simplest possible construc- 
tion; to be of such material and construction as to be unaffected by 
moisture and capable of being operated on deck in any weather. They 
are to be adapted for mounting on a pedestal or a bulkhead as may be 
required. The actuating force is to be of sufficient magnitude to prevent 
maccuracy of indication from ordinary changes in contact resistances. 
The dials to be direct reading to the extent of showing all convenient and 
necessary angles of helm for tactical use. The dials to be water-tight; 
the mechanism to be so constructed that the indications will not be 
materially affected by ordinary fluctuations of circuit potential; the dials 
to be illuminated by standard instrument lamps. 
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161. The movement of the handle, lever or pointer to correspond to 
the direction of the movement of the helm ordered. The device to be 
operated by either the dynamo or transformer current, tapped from 
resistance plates. 

162. All helm-order telegraphs, connections and instruments to be of 
approved design, construction and operation. 


ENGINE-REVOLUTION AND DIRECTION INDICATOR. 


163. The transmitter to comprise in its design, construction and opera- 
tion the following features: (a) To be of the simplest possible construc- 
tion; (b) to be capable of operating for extended periods with minimum 
attention or repair; (c) to be unaffected by moisture; (d) to be adapted 
for mounting on a bulkhead, or pedestal, or overhead, as required; (e) to 
be actuated from the shaft by a simple device; (f) to be provided with 
ready and simple means of adjusting its power to compensate for any 
change in the value of that power; (g) to be able to operate so that the 
pointers of the indicators will give an indication corresponding to the 
exact value of the number of revolutions from zero to the assigned maxi- 
mum, and be entirely free from oscillation; (h) the design to be such 
that the value of the indications shall not be appreciably changed in any 
one of the indicators, should any number of the remainder be cut out 
of circuit. 

Indicators. 

164. The indicators for the bridge to be adapted for mounting singly on 
pedestals with the dials facing each other, unless otherwise directed. For 
other stations they shall be adapted for mounting on bulkheads. The 
scale is to be uniformly graduated, over its entire length, by single revolu- 
tions. The zero and every ten points to be marked in plain figures. The 
maximum number of revolutions to be as directed. The scales to be 
illuminated for night service by the standard instrument lamp in water- 
tight case. The pointer should move in the direction which the motion 
of the shaft will tend to move the ship. The direction of revolution, 
whether ahead or backing, is to be plainly marked on the respective sides 
of the scale. To be of water-tight construction. 

165. The actuating force to be of sufficient magnitude to prevent in- 
accuracy of indications from ordinary changes in contact resistances. 

166. All engine-revolution and direction indicators are to be of approved 
design, construction and operation. 

Helm-angle Indicators. 

167. The design, construction and operation of helm-angle indicators 
must comprise the following features: (a) Simplicity; (b) certainty of con- 
tact and action; (c) freedom from injury from moisture; (d) a minimum 
of attention and repair; (e) constancy of adjustment. 

168. The actuating force is to be of sufficient magnitude to prevent 
inaccuracy of indications from ordinary variation of contact resistance of 


circuit potential. 
169. The operation will include the indication in the same dial of the 
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angle of the tiller with the keel, and its direction, starboard or port, and 
be capable of operating a number of dials on the circuit. The dials to be 
direct reading to the extent of showing all convenient and necessary 
angles of helm for tactical use. The dials to be water-tight; the mechan- 
ism to be so constructed that the indications will not be materially 
affected by ordinary fluctuations of circuit potential; the dials to be 
illuminated by standard instrument lamps. 

170. The transmitter is to be operated as directly from the rudderhead 
as practicable. 

171. Helm indicators to be operated by dynamo or transformer current. 
When rheostats are used the connections will not be made to the end 
binding posts, but through a resistance, to protect the circuit from the 
full-dynamo potential. 

172. All helm-angle indicators, connections and instruments to be of 
approved design, construction and operation. 


TELEPHONES. 


Telephones for Conning Towers. 


173. Unless otherwise directed, the construction will be as follows: 

174. All parts excepting the receiver to be enclosed in a water-tight 
bronze case. The case to be in two parts; one part to be swung on ver- 
tical hinges. The weight to be taken normally by ledges on the bottom. 
The joint between the parts to be made water-tight by a flat gasket. The 
working mechanism to be attached to the swinging part of the case, and 
disposed as follows: 

175. The annunciator drop mechanism is to be placed at the top, and 
to be made in accordance with the specifications for water-tight annuncia- 
tors, which will be marked as directed. The front of the case, over the 
bell, to be covered with gauze or perforated sheet brass to effectively 
transmit the sound. The base part to be surrounded by a flange flush with 
the back; the edge to be raised to a height sufficient to take the size of 
tube required for the conductors. 

176. The bell to be 3 inches in diameter, of water-tight construction, 
and surrounded by a water-tight covering on the side, inside the case. 
The push button is to be of standard water-tight construction. The con- 
tacts of both bell and push-button to be of platinum. 

177. The transmitter is to be of the solid-black type, operated with 
battery current, and without the use of an induction coil. 

178. The switches are to be so connected that only the station to be 
communicated with is in circuit at the time, in order to avoid interference. 

179. The switches are to be marked as directed, and in the same order 
as the drops of the annunciator. The openings for the plungers of the 
switches are to be practically water-tight. 

180. The receiver is to be of the watch-case type; the case to be of 
bronze and hard, black rubber. 

181. The cords for the receiver and the plunger of the automatic switch 
are to be led through the bottom of the case in standard stuffing tubes. 

182. All terminals are to be marked with a designing letter or number. 

49 
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Water-tight Telephones. 


183. The water-tight telephones, for use in stations connected with the 
conning tower, are to be constructed as follows: 

184. The transmitter is to be of the solid-black type, operated with 
battery current, and without the use of an induction coil. To be con. 
tained in a bronze case, pivoted back of the center of gravity, so that when 
the receiver is pushed into the spring clips, which are spaced around the 
mouthpiece, the added weight will cause them to drop and permit the 
mouth of the receiver to hang down. The cutting out of the transmitter 
to be accomplished automatically by this movement. 

185. The spring clips are to be of ample strength for securing the 
receiver when the apparatus is subjected to severe shock or jar. The 
trunnions of the transmitter are to be supported by bronze arms, extend- 
ing fom the part of the case containing the bell, push-button and terminals, 

186. The cover of the case is to be of metal, packed water-tight by a 
flat rubber gasket, and secured by machine screws. The terminals are to 
be on the inside of the case, and are to be machine screws tapped into 
the metal with washers, or of the binding-post type. 

187. Lugs are to be run out from the sides of the case for attaching the 
instrument to bulkheads with three-eighths inch standard bolts. 

188. The terminals to be stamped with a designating number or letter. 

189. The receiver is to be of the watch-case type; the case to be of 
bronze and hard black rubber. The receiver cord to be run out of the 
interior of the case through a navy-standard box tube. Facility is to be 
provided in the disposition of the interior parts for running into the case 
at either the sides or the bottom, with the conduit, or stuffing tubes used 
with molding, as may be required for the location in which the instrument 
is installed. The covering of the cord is to be treated with an insulating 
varnish, to prevent the absorption of moisture. To be provided with a 
name-plate, marked for the name of the station with which it is connected. 


Nonwater-tight Telephones. 


190. Nonwater-tight telephones are for use in the captain’s stateroom 
and the chart-house. The transmitters are to be of the solid-back type, 
operated by a battery, without induction coil. The receivers are to be of 
the watch-case magneto type, the containing case to be of bronze and 
hard, black rubber. The receiver cords are to be provided with a means 
of relieving the strains from the ends attached to the case, in order to 
prevent breakage of the conductors. The braids are to be treated witha 
non-absorbent compound. 

191. The bells are to be of the vibrating type, with 3-inch gongs, to be 
operated by battery current. The push-button to be of standard watef- 
tight construction. The contacts of the bell and push-button to be of 
platinum. The terminals are to be inside of the case; to be of the binding- 
post type, or machine screws with washers tapped into the metal; to be 
marked with a designating number. To be provided with a name-plate, 
marked for the name of the station with which it is connected. 








he 


er. 
of 
he 
be 
se 
ed 
nt 
1g 

a 
d. 





DISEASES OF ELECTRICAL INSTALLATION. 715 


TRANSFORMERS. 


192. To be of the rotary direct-current type, transforming from 8o volts 
to 20, 13.3, and 6.6 volts. The secondary ampere capacity to be not less 
than 4. 

193. The insulation of commutators to be mica throughout. 

194. The brush-holders to be provided with stops so that the position of 
the brushes cannot be misplaced more than the arc corresponding to one 
commutator bar. 

195. The wire of all windings to be run through an approved insulating 
varnish as it is wound on. The exterior of the coils to be well coated with 
varnish. 

196. The spool windings to be protected from chafe or mechanical 
injury. 

197. The insulation resistances to be not less than 1 meghom, measured 
hot, with 500 volts. 

198. The maximum heating of the windings over the surrounding air to 
be not over 80° F. in the armature and 60° F. in the shunt, with full-rated 
load. All insulating material of absorbent nature, used in the construc- 
tion, shall be so treated as to effectually prevent injury from the effects of 
moisture or air. 

199. The journals to be provided with ring oilers. 

200. The balance of rotating parts to be such that there will be no per- 
ceptible vibration. 

201. Each machine to be provided with one fire-proof starting rheostat 
of not less than 30 or more than 50 ohms cold resistance. 

202. All parts made of slate to be black enameled on all surfaces. 

203. The following strictly interchangeable spare parts are to be pro- 
vided with each transformer: One armature; one set of brushes, 6 total, 
3 by % by % inch; one set of brush-holder springs, 6 total. 

204. The external dimensions of transformers shall approximate the 
following: Height over poles, 11 inches; width over terminals, 10 inches; 
length with shaft, 16 inches. The weight, not including spare parts, not 
to exceed 80 pounds. 

205. The data as to gauge, character and thickness of insulation, and 
total weights of each size of wire used in the windings is to be furnished 
with each transformer. 


GENERAL ALARM GONGS. 


206. To be single stroke, 12 inches in diameter. 

207. To operate efficiently with from 20 to 15 volts at terminals. 

208. Resistance to be not over 52%4 or under 47%4 ohms, and to take 
not over one-half ampere at 20 volts. 

209. The adjusting spring to be of phosphor-bronze and operated from 
the outside of the base. 

210. The base to be of the best mahogany, in two parts; one for attach- 
ment to the bulkhead, to be not less than three-fourths of an inch thick; 
the other to be not less than one-half of an inck thick at back. 
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211. The side of the base opposite the striker to be stamped “ Top,” 
and both parts marked with a serial number on each side of the joint, 

212. Brass screws only to be used for holding together. 

213. The two coils of the magnet to be thoroughly insulated from the 
cores. The insulation resistance to be not less than 1 megohm, measured 
with not less than 100 volts. The magnet heads to be hard rubber. The 
winding to be of single cotton-covered copper wire, to be run through an 
approved insulating varnish as it is wound on. The exterior of the coils 
to be wrapped with insulating tape laid closely, varnished and secured to 
effectually prevent access of moisture. 

214. The connections between coils to be rosin soldered, taped, and 
varnished. The leads from magnets to binding posts to be made with 
standard No. 14 B. & S. G. conductor. 

215. The binding posts to be inside of outer base part, one on each side, 
and to make the connections between magnet and circuit under washers by 
screw nut. 


RHEOSTATS FOR TAPPING LIGHTING CURRENT AT REDUCED VOLTAGE FOR 
INTERIOR-COMMUNICATION CIRCUITS. 


216. Shall be of the enamel type. The capacity to be such that the 
maximum heating of the surface shall not be over 70° F. in excess of that 
of the surrounding air. The taps shall be taken from between two equal 
portions of the resistance, the value of each being not less than one-fourth 
of the total, so that the circuit may not be exposed to the full-line voltage 
in the case of grounds. The terminals to be marked with a designating 
number or letter. The rheostat to be marked on a name plate with the 
title of the circuit which it supplies. The factory number is to be also 
plainly marked. The resistances, size and number of the plates to be as 
directed. 

SEARCH-LIGHT PROJECTORS. 

217. They will be designated as follows: First, by the type, as hand 
controlled, electric controlled. Second, by the diameter of the mirror, a 
18-inch, 24-inch, 30-inch. 


Hand-control Projector. 


218. It shall, in general, consist of a fixed pedestal or base, surmounted 
by a turntable carrying a drum. The base shall contain the turning 
mechanism and the electric connections, and be so arranged that it can be 
bolted securely to a deck or platform. 

219. The turntable to be so designed that it can be revolved in 4 
horizontal plane freely and indefinitely in either direction, both regularly 
and gradually by means of suitable gearing, and rapidly by hand; the 
gearing being thrown out of action. 

220. The drum to be trunnioned on two arms bolted to the turntable, 
so as to have a free movement in a vertical plane, and to contain the 
lamp and reflecting mirror. The drum to be rotated on its trunnions, 
both regularly and gradually by means of suitable gearing, and rapidly 
by hand; the gearing being thrown out of action. The axis of the drum to 
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be capable of a movement of not less than 70° above and 30° below the 
horizontal. 

221. The drum to be thoroughly ventilated and well-balanced; to be 
fitted with peep sights for observing the arc in two planes, and with hand- 
holes to give access to the lamp. It must be so designed that either a 
Mangin or a parabolic mirror can be used, and a means for balancing it 
with either mirror must be provided. 

222. The mirror to be made of glass of the best quality, free from flaws 
and holes, and having its surfaces ground to exact dimensions, perfectly 
smooth and highly polished. Its back to be silvered in the most durable 
manner; the silvering to be unaffected by heat. To be mounted in a 
separate metal frame lined with a non-conducting material, in such a 
manner as to allow for expansion due to heat and to prevent injury to it 
from concussion. 

223. The lamp to be of the horizontal carbon type, and designed for 
both hand and automatic feed. The feeding of the carbons must be 
effected by a positive mechanical action, and not by springs or gravitation. 
It must burn quietly and steadily on an 8o-volt circuit in series with a 
regulating rheostat, and shall be capable of burning for about six hours 
without removing the carbons. 

224. The front of the drum to be provided with two glass doors, one 
composed of strips of clear plate glass, and the other of strips of plano- 
concave glass lenses, so designed as to give the beam of light projected 
from the mirror a horizontal divergence of at least 20°. The doors to be 
interchangeable, and to be so arranged that either can be put in place on 
the drum easily and quickly. 


Electrically-controlled Projector. 


225. To be in all respects similar to the hand controlled, with the addi- 
tion of two shunt motors, each with a train of gears; one motor for giving 
the vertical and the other the horizontal movement of the projector. 
The motors and gears to be contained in the fixed base, and to be well 
protected from moisture and mechanical injury. A means to be provided 
for quickly throwing out or in the motor gears, so that the projector can 
be operated either by hand or by motor, as desired. 

226. The motors to be operated by means of a compact, light and water- 
tight controller, which can be located in any desired position away from 
the projector. The design of the controller to be such that the movement 
of a single handle or lever, in the direction it is wished to cause the beam 
of light to move, will cause the current to flow through the proper motor 
in the proper direction to produce such movement. The rapidity of the 
movement of the projector to be governed by the extent of the throw of 
the handle or lever. A suitable device to be included whereby the move- 
ment of the projector can be instantly arrested when so desired. 

227. All projectors to be finished in a dead-black color throughout, 
excepting the working parts, which shall be bright. 
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228. The general dimensions of projectors to be within the following 
limits: 





Height 

















Dimensions. ey _of centre ae 

Inches. Inches. Pounds. 
18-inch hand controlled ............ 22 46 425 
18-inch electrically controlled ....... 22 46 600 
24-inch hand controlled ...........- 24 56 725 
24-inch electrically controlled ....... 24 56 875 
30-inch hand controlled ..........+- 26 58 925 
30-inch electrically controlled....... 26 58 1,075 





229. The lamps to be designed to produce the best results when taking 
current as follows: 18-inch, 30 to 35 amperes; 24-inch, 50 to 60 amperes; 
30-inch, 75 to 90 amperes. 

230. The 18-inch projector shall project a beam of light of sufficient 
intensity to render plainly discernible, on a clear, dark night, a light- 
colored object 10 by 20 feet in size, at a distance of not less than 4,000 
yards; the 24-inch projector, at a distance of not less than 5,000 yards; 
and the 30-inch projector at a distance of not less than 6,000 yards. 


INSTALLING ELectTric PLANTS AND ELECTRICAL MEANS OF 
INTERIOR COMMUNICATION ON BOARD SHIPS 
OF THE UnitEep Srates Navy. 


ELECTRIC PLANTS. 


CONDUIT AND MOLDING. 


1. Conduit will be used for all spaces in the water-tight system. It is to 
be preferred for use in all other locations; but in spaces where it may not 
be desirable to run it over woodwork, as in chart-house, emergency 
cabins and officers’ quarters, standard wooden molding may be used. 

2. It will be fastened to the metal of the ship by stout metal straps at 
such intervals as will firmly secure it in place, prevent undue vibration, 
and withstand any unusual strain to which it may be subject. 

3. It shall be continuous and to be made water-tight at bulkheads by 
approved flanges and stuffing boxes. 

4. Leads through armor will be made by tapping in on both sides; 
continuity to be secured by smooth turning the end of one of the con- 
duits, to a depth of the thread, for a length equal to the untapped thick- 
ness of the armor; the ends to butt together. 

5. Connections to standard junction boxes, switches and receptacles to 
be made by tapping into a boss on a plate to be screwed to the box. A 
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box of cast metal with bosses for tapping in, and fitted with standard 
interior fittings and covers, may be used instead of standard boxes. 
Flanged feet to be provided in each case for screwing the appliance in 
place, the flange to set the box clear of the metal of the ship. 

6. Both positive and negative legs of the same circuit will be led in the 
same conduit for all conductors of and below 30,856 cm.; all conductors 
above 30,856 cm. to have a conduit for each leg. A clearance of not less 
than three-sixteenths of an inch to be allowed for drawing in and out. 
When double conductor plain is to be used, a clearance of not less than 
one-eighth of an inch is to be allowed. 


MOLDING. 


7. The backing strip, laid in advance, will be secured by brass machine 
screws (No. 14-20) placed alternately on the sides, and so spaced (about 
12 inches apart) that no screws will come under junction boxes, switches 
or receptacles; the screw heads being countersunk. 

8. Molding to be secured in place through center wall with brass wood 
screws (No. 8-1% inches). Screws to be placed, as directed, at intervals 
not greater than 12 inches; the screw-heads being countersunk. 

9. Molding to be finished in the same manner as the surrounding wood- 
work, and all molding and backing except hard wood shall be thoroughly 
coated with white-lead paint after being fitted and before being secured 
in place. All molding to be capped, the capping being secured to the side 
walls by round-head brass screws placed not more than 12 inches apart. 

10. In running the backing strip, a path that will clear usual sized bolt 
heads and other projections will be chosen. To avoid such obstacles, 
small detours from a direct lead will be allowed. 

11. The part of the molding under the wire gutters is never to be reduced 
in thickness below three-eights of an inch. 

12. Junction boxes, switches and receptacles (combined or separate) will 
be separated from metal surfaces by at least three-quarters of an inch of 
wood, and secured with brass wood screws entering the wood for one- 
half of an inch. Jt is required that at least one-quarter of an inch of clear 
solid wood shall separate all wiring accessories from the metal of the vessel. 

13. The junction boxes, switches and receptacles being wider than the 
backing strip, the latter will always be built out to bring it flush with their 
sides, except where a number of moldings are grouped together, as in 
passageways where feeders are run; then these boxes can be let into 
adjacent moldings (never more than three-sixteenths of an inch), and 
so disposed that no two in adjacent moldings will be abreast. They are 
never to be located over screws securing the backing in place. 

14. Controlling switches, feeder junction boxes and distribution boxes 
are to be placed with especial reference to convenience of access. 

15. Where several leads of molding run side by side, a backing strip of 
the required thickness in one width may be used under all. 


WIRING. 


16. The two-wire system to be used. 
_ 17. All wire to be that prescribed by the specifications for standard 
insulated wire supplies. 
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18. All wires to be run where directed and where accessible; those for 
circuits used in action to be kept below the water-line as much as possible, 

19. Thorough water-tightness is to be observed for all leads into wiring 
appliances and fixtures, and through all bulkheads and decks. 

20. The outer tape and braid on the ends of all conductors on lighting 
circuits, where such conductors are connected in fixtures and wiring 
appliances, is to be removed, exposing the vulcanized rubber underneath 
to within one-eighth of an inch of the outside of the gland. 

21. Special care must be observed in every instance not to cut into or 
otherwise injure the vulcanized rubber. 

22. When the tape and braid is removed for connecting up movable 
fixtures, the braid ends shall be protected from fraying by whipping the 
end of the braid and varnishing. 

23. All wire run through decks or bulkheads, where molding is used, 
must be led through standard stuffing tubes; when running through beams 
or bulkheads, and water-tightness is not required, the hole for the lead 
must be bushed with hard rubber, the hard rubber extending into the 
molding on each side. 

24. No feeders or mains to be led overhead in locations subject to heat, 
or through or into coal bunkers, unless specially authorized. 


CIRCUITS. 


25. The circuits will be divided into two classes: 
1. Lighting circuits. 
2. Motor circuits. 


LIGHTING CIRCUITS. 


26. Lighting circuits will comprise the following divisions, according 
to the service required: 
First. Continual service, to include lights at or in (and to supply energy 
for operating portable ventilating sets)— 
Passages. 
Fire pumps. 
Bilge pumps. 


Ventilating fans. 
Motors. 
Inner-bottom manholes. 


Hand pumps. Auxiliary condensers. 
Ash hoists (lower). Auxiliary boilers. 
Bunkers. Dynamo-room. 


Workshops (lower). 
Second. Battle service, to include lights at or in (and to supply energy 
for operating smoke fans, instruments, and firing apparatus on dynamo 
circuit)— 

















All guns. 

Ammunition-handling rooms. 

Magazine light boxes. 

Shell-room light boxes. 

Ammunition-room light boxes. 

Ammunition hoists. 

Turret turning gear. 

Torpedo compressors, racks 
and tubes. 


Conning tower. 
Central station. 
Armory. 
Range-finder. 
Military tops. 
Hydraulic rooms. 
Instruments. 
Signal tower. 
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Third. General service, but not in action (and to supply energy for 


operating bracket and desk fans)— 
Chart-house. 
Officers’ quarters. 
Petty officers’ quarters. 
Offices. 
Galleys. 
Dispensary. 
Sick bay. 
Standing lights. 
Drying-rooms. 
Winches and cranes. 
Issuing-rooms. 


Distiller. 
Workshops (upper). 
Diving lamps. 
Closets. 
Washrooms. 
Lavatories. 
Heaters. 

Side ladders. 
Propeller booms. 
Military masts (inside). 
Ground tackle. 


Fourth. Sea service, to include lights at or in (and to supply energy 


for operating instruments)— 
Engine-rooms. 


Forced draught. 


Fire-rooms. Chart table. 
Steering-rooms. Shaft passages. 
Steering wheels. Instruments. 





Fifth. Day service, extinguished at 9 P. M., to include lights in (and 
those on the top or sides of superstructure and deck houses)— 
Hammock spaces. Storerooms. 
Holds. Mess-rooms. 
Steerage country. 
Sixth. Special service, to include— 
Signal lights. Projectors. 

27. Lights in compartments and their adjoining compartments which 
have the same kind of service (as outlined under the separate divisions of 
general, sea and day service) to be grouped on the same mains and con- 
trolled by a switch in a convenient location. 

2. The maximum load for all lighting feeders, excepting those for 
search-lights, shall not exceed 75 amperes. 

29. In case the current required for any service exceeds 75 amperes, a 
sufficient number of separate feeders shall be provided. Feeders will be 
numbered and designated by the terms forward and aft, by decks or 
specific compartments, and further divided into starboard and port, as may 
be required. 

30. Lights under the division sea service will be on the mains fed by the 
feeders for continual service; those for day service will be on the mains fed 
by the feeders for generel service. 

31. Lights on mains fed by feeders for battle service to supplement those 
on feeders for continual service. 

32. A signal circuit shall be provided to include and feed the double 
truck lights, night signalling sets, binnacle lights; and outlets for running 
lights, top-lights, stay and stern lights, and for signal use. 

33. The signal circuit shall be fed by separate feeders leading directly 
from the dynamo-room switchboard, to connect by transfer switches to 
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adjacent feeders of the battle service; the transfer switches to be located 
in the chart-house. 

34. The search-lights shall be fed by separate circuits, each leading from 
the dynamo-room switchboard through a rheostat, ammeter, and D. P. 
automatic circuit-breaking device; to be placed in vertical lines on separate 
instrument boards. 

35. The circuit-breaking device to be of approved design, construction 
and operation; and to have a capacity of and be capable of being adjusted 
to a current of 50 per cent. in excess of the normal working current of 
the lamp in circuit. Each circuit shall have its own voltmeter. 

36. A rheostat in a non-combustible frame shall be supplied and fitted 
in the dynamo-room for each search-light. The rheostat to have a dead 
resistance equivalent to a drop of 20 volts for the normal current at which 
the lamp operates, and also an adjustible portion, in not less than ten 
divisions, to give a drop of 10 volts for the normal current of the lamp; 
the resistance to be measured hot. The rheostat to be of approved design, 
construction and operation. The rheostats will be marked “high” and 
“low ” to indicate the movement of the handle for increased or decreased 
current. 

37. Search-light circuits shall have no connection with the circuits for 
incandescent lights, except as provided for on the switchboard. 

38. Each search-light circuit shall lead to its own pedestal, where it will 
terminate in an approved water-tight receptacle, the pedestal to be located 
as directed. 

39. The area of cross section of search-light feeders shall be on the 
basis of at least 500 circular mils per ampere at full load. 

40. Controller receptacles for each electrically controlled search-light 
will be installed at locations convenient for the operation of the controller; 
the pressure wire for the motors to be connected to the adjacent transfer 
circuit. 

Motor CIiRcults. 


41. Each motor circuit shall be connected to the dynamo-room switch- 
board by a D. P. automatic circuit-breaking device of approved design, 
construction and operation; to have a capacity of, and be capable of being 
adjusted to, a current 50 per cent. in excess of the normal rated load of 
the circuit. 

42. Each motor of and above 4 K. W. will have a separate feeder leading 
from the dynamo-room switchboard. 

43. Motors below 4 K. W. will be supplied by the same feeders, the 
maximum load on any one feeder not to exceed 75 amperes; in case the 
current required exceeds 75 amperes, a sufficient number of feeders shall 
be provided. Motors which are located in spaces above the protective 
deck and not protected by armor, and which are on the same circuit with 
protected motors, will have a cut-out switch in their mains, so that any 
damage to the unprotected portion of the circuit will not affect the 
remainder. 

44. When more than one motor is fed by the same feeder the main 
leading to each motor shall have in circuit an automatic circuit-breaking 
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device, either included in or separated from the controller, which shall 
open the circuit both in case of failure of the line voltage and 50 per cent. 
overload. 

45. If not included in the controller the automatic device will be located 
conveniently near it. 

46. The controller and automatic circuit-breaking device to be of ap- 
proved design, construction and operation. 


FEEDERS AND MAINS ON LIGHTING CIRCUITS. 


47. The area of cross section of the feeders and mains on the lighting 
circuit shall be such that the fall in potential from the dynamo terminals 
to the most distant outlet shall not be more than 3 per cent. at the normal 
load of the feeder. The size of feeders or mains to be the same through- 
out their entire length; no “ tapering ” to be permitted. 

48. There shall be no soldered or other joints in feeders or mains 
except those made in the standard appliances. 

49. No feeder or main will have a less area of cross section than 1,000 
circular mils per ampere at the normal load, to be reckoned at the rate of 
nine-tenths ampere per lamp of 16-candle power. 

50. The feeders shall be controlled by switches and fuses on the switch- 
board. 

51. Mains which tap into feeders may be arranged in loops for the 
purpose of equalizing drops; submains shall tap into mains only, with 
branches leading to the outlets. 

52. No wiring appliance other than switches and feeder junction boxes 
are to be placed on feeders. 

53. Wherever mains are led off from feeders it shall be done through 
standard feeder junction boxes, having double pole fuses of standard 
pattern, which shall blow on the basis of I ampere per 500 circular mils 
of the main. 

54. Not more than two feeders shall ever be interconnected, and no 
feeders shall be interconnected through their mains. 

55. Feeders which interconnect shall have an area of cross section of 
not less than 1,500 circular mils per ampere at the normal load. 

56. Feeders for continual service and battle service are to be interconnected 
for their own division of service. Mains for any division of service are 
to be interconnected either to their adjacent mains or to those of the deck 
next above, but not more than two mains shall be so interconnected. 
Interconnected mains shall have an area of cross section of 1,500 circular 
mils per ampere at normal load. 

57. All mains and submains are to be made controllable by switches, 
placed near the junction boxes. 

58. All outlets shall be fed from the mains by branch wires, which shall 
be an unbroken continuation from junction box to outlet, except when 
specially authorized. 

59. The wire used for branch circuits shall be the standard No. 14 B. & 
S. G. Leads from distribution boxes to single outlets may be run with 
double conductor plain. 
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60. When molding is used, each outlet on continual, battle and sea service 
shall have a separate three-way branch junction box; four-way branch 
junction boxes may be used in this case for outlets on general or day 
service. 

61. In offices and staterooms, two outlets, one for desk light, the other 
for desk fan, may be installed on the same branch circuit. 

62. Fuses for branch junction boxes to be for the normal rated load of 
4 amperes, and to blow at 8 amperes. Fuses for feeders and mains to be 
at the rate of I ampere per 1,000 circular mils, and to blow on the basis 
of I ampere per 500 circular mils. 

63. No individual switches shall be placed on branches of continual 
service or battle service. The lights on the branch circuits for these ser- 
vices shall be controlled by a group switch, except for those to be used 
as standing lights. 


FEEDERS AND MAINS ON Motor CIRCUITS. 


64. The area of cross section of the feeders, on circuits for motors of 
and above 4 K. W. shall be such that the fall in potential from the dynamo 
terminals to the motor terminals shall not be more than § per cent. at 
the normal load of the feeder; for other motor feeders to be as prescribed 
for lighting feeders. Whenever possible, the feeders for motors of and 
above 4 K. W. shall be an unbroken continuation form the switchboard 
to the controller contacts. 

65. Wherever mains are led off from feeders it shall be done through 
standard feeder junction boxes, having double pole fuses of standard pat- 
tern, which shall blow on the basis of double the normal load of the motor. 


PERMANENT AND MOVABLE FIXTURES. 


66. Silver-plated fixtures to be used in cabins, wardroom and junior 
officers’ quarters only. Bronze fixtures to be used in offices, and quarters 
assigned to warrant officers and chief petty officers. 


PERMANENT FIXTURES. 


67. C. F. No. 1, C. F. No. 3 and Commercial C. F. to be used in cabins 
and wardroom only. 

68. C. F. No. 2 to be used for general overhead lighting in passages, 
crew spaces and chart-houses on day service, and quarters for warrant and 
chief petty officers. For other spaces the steam-tight fixture is to be pre- 
ferred for overhead lighting, and to be fitted with guard wherever the 
globe is liable to breakage. 

69. If lighting is desirable on both sides of a bulkhead, it will be pro- 
vided by separate lights. 

70. Bunker lights are to be installed overhead between the frames in 
which each of the coal chutes are placed; a light to be installed on the 
bunker bulkhead conveniently near the doors leading to the fireroom, 
that the part of the bunker in the vicinity of the door may be lighted. 

71. Bulkhead fixture to be used for standing lights for all locations ex- 
cept quarters and offices. It is not to be used for overhead lighting 
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except in those locations where the steam-tight fixture would allow insuffi- 
cient head room, and where a guarded fixture is required. 

72. Brackets are the standard fixtures for side lighting for quarters and 
offices. 

73. Steam-tight fixtures, in addition to the use prescribed under C. F. 
No. 2, shall be fitted as required to thoroughly light the lubricators under 
engine cylinders and steam chests. 

74. Whenever possible, the conduit leads to the cylinder and steam- 
chest lights shall be from overhead to avoid the effect of vibration. 

75. Double truck lights are to be installed on the fore and main masts 
of vessels having two or more masts. 

76. Single-masted vessels to have a double truck light on the mast. 
Torpedo-boats and vessels of special design will not be fitted with double 
truck lights unless specially authorized. Double truck lights are to be 
furnished with, and connected to, two lengths of double conductor plain 
and two receptacle plugs; the length of conductor to be that best adapted 
for connection to the receptacles; the receptacles to be without switches 
and located, in case of use with topmasts, on the bibbs or athwartship 
brackets of the military top; in the case of pole masts the receptacles will 
be located under the upper deck in which the mast partners. 

77. Leads from the controller to the receptacles will be the standard No. 
14 B. & S. G. conductor, and will be run as best adapted for the par- 
ticular vessel. 

78. The controller shall be in strict conformity with the Bureau's 
designs. 

79. Binnacle light to be connected to a branch junction box on the signal 
circuit by a suitable length of double conductor plain, led through the 
pedestal to the plunger contacts. 


MOVABLE FIXTURES. 


80. Desk lights will be furnished with, and connected to, a length of 
double conductor, silk, and an attachment plug; the length of conductor 
will be that best adapted to the location, but in no case to be less than 
15 feet. 

81. Not less than two hooks for suspending the shade holder of the desk 
light will be installed; to be conveniently located for use. 

82. Four cup hooks, two on the ceiling and two on the bulkhead, will 
be placed in locations convenient for suspension of the bight of the con- 
ductor. 

83. All the foregoing hooks to be of the same finish as the fixture. 

84. Running lights, towing and top-lights will be furnished with, and con- 
nected to, two lengths of double conductor plain and two receptacle plugs; 
the lengths of conductor to be that best adapted for connection with the 
receptacles. 

85. Receptacles for the foregoing lights are to be placed conveniently 
near the lights and to be without switches. The junction boxes to be 
easily accessible for replacing and inspecting fuses. 

86. Magazine lanterns will be furnished with, and connected to, two 
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lengths of double conductor plain and two receptacle plugs; the length 
of conductor to be that best adapted for connection with the switch and 
receptacles. 

87. The two switch-and-receptacle or receptacle boxes to be installed on 
a wooden block fitted in the recess of the light box; the conduit to extend 
to, and tap into the sides of, the light box. All conduit inside the maga- 
zine or light box must be of brass. 

88. Signal lanterns to be furnished with, and connected to, a length of 
double conductor plain and a receptacle plug; the length of conductor 
to be that which is required for the especial use. 

89. Unless otherwise directed, 3 red, 4 white and 2 green signal lanterns 
will be provided for each vessel. 

90. Deck lanterns and portables will be furnished with, and connected to, 
a length of double conductor plain and a receptacle plug. One-half the 
number allowed shall have a length of conductor of 25 feet, one-fourth a 
length of 50 feet, and the remaining one-fourth a length of 100 feet. 

g1. Special care must be exercised in connecting to the socket of the 
portable, to prevent grounding of the outer conductor. 

92. Outlets for portables are to be provided at the manholes for the 
inner bottoms, and where required to facilitate the inspection and opera- 
tion of machinery. They are also to be provided at such convenient places 
as the use of the fixture may suggest and where necessary to afford 
lighting for repair work on the vessel. 

93. Battle lanterns to be furnished with, and connected to, a length of 
double conductor plain and a receptacle plug; the length of conductor to 
be that best adapted for use in the particular locality. 

94. Switch and receptacle for battle lanterns are to be provided on the 
battle-service circuit in military tops, conning towers, gun stations, turrets 
and at upper end of ammunition hoists. 

95. A standard battle-lantern bracket shall be installed near each of 
these stations, so that the lantern may be permanently attached and ready 
for immediate service. 

96. Portable hooks, for hanging the conductor and portables or battle 
lanterns, to be provided in convenient places for temporary stowage of 
the fixtures in turrets or about machinery. 

97. Cargo reflector, for use at gangways in coaling ship and stowage, 
will be furnished with, and connected to, a length of 100 feet of double 
conductor plain and a receptacle plug. 

98. Navigator's lantern to be furnished with, and connected to, 25 feet 
of double conductor plain and a receptacle plug. 

99. Diving lantern to be furnished with, and connected to, 100 feet of 
double-conductor diving lamp, each wire of the conductor to be con- 
nected to a 25-ampere receptacle plug. 

100. A 25-ampere switch and receptacle is to be provided on each bow 
and quarter, for use of the lantern. When required, by great length of 
the vessel, extra outlets shall be provided. 

ror. Stay lights she'l be furnished with, and connected to, a length of 
double conductor; the length of conductor to be that best adapted for a 
hoist of at least 20 feet from the deck. 
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102. Telegraph lights to be furnished with, and connected to, a length 
of double conductor plain and a receptacle plug; the length of conductor 
to be that adapted for connection with the switch and receptacle. 

103. The switch and receptacle to be located on the column of the 
mechanical engine-room telegraph. 

104. The lamps of the night-signalling sets to be connected to the standard 
cable. 

105. The lamp ladder will be suspended to an outrigger, to be fixed or 
pivoted as required, and fitted as best adapted for the use of the particular 
vessel. The lower end of the lamp ladder to be steadied by a galvanized- 
wire cable setting up with a turn buckle and plate inboard. 

106. The keyboard to be secured on a bracket fastened to the bridge 
rail or on a suitable pedestal. A metal cover to be fitted to protect the 
keyboard from the weather. 

107. The outriggers, keyboard, bracket and cover to be in conformity 
with the Bureau’s designs. 

108. The signalling set to be connected with a 25-ampere switch and 
receptacle, installed on the signal circuit. 


STEAM PIPES AND FITTINGS. 


109. Steam-pipe connections are to be so made that steam can be 
available from either the main or auxiliary boilers. All piping to be led 
with especial reference to head room and facility for removal and repair 
of pistons and valves. No joints to be placed over or in line with the 
dynamos or switchboard. 

110. The main steam pipe is to be fitted with a stop valve, reducing 
valve and separator, to be located in the dynamo-room unless otherwise 
directed. 

111. A trap is to be provided and connected to take the condensation 
of the separator, drip pipes of the engines, and drains from lower bends 
of piping. 

112. A branch steam pipe, fitted with a stop valve near the main steam 
pipe, will be led for supply to each generating set. 

113. All piping for steam and exhaust to be of copper. 

114. The main exhaust pipe is to be fitted with a valve, placed where 
it will be accessible and in best position to ensure minimum condensation 
in the branch exhausts; and also with an oil eliminator, to collect the 
oil from the exhaust steam on its passage to the condenser, in all cases 
where cylinder lubricators are fitted on the steam pipes. 

115. A sight feed cylinder lubricator is to be fitted in a suitable position 
on each branch steam pipe, if so directed. 

116. The main steam pipe is to be tapped for the connection to the steam 
gauge; the main exhaust pipe to be tapped for connection to the com- 
bined vacuum and back-pressure gauge. 

117. The steam gauge, clock and vacuum gauge are to be mounted to- 
gether on a suitable backboard. 

118. All piping is to be covered with an approved non-conducting 
material. 
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DyNAMO-ROOM ACCESSORIES. 


119. The following are to be provided in the dynamo-room: An oil filter, 
well secured and of large capacity, that it may also serve the purpose of 
an oil receiver. If the construction of the filter includes heating coils, it 
will be connected with the steam and drip mains. 

120. A save-all, for catching the waste oil from the drainpipe of the 
engine base. 

121. An overhead hoist and traveller, with rails for each dynamo for 
handling the armatures. 

122. Lockers, for stowage of instruments of frequent use, and a few 
pockets for cotton waste, etc. 

123. A wrench and tool board, conveniently placed and arranged to secure 
the tools in place. 

124. The following will be placed in the dynamo-room, if space permits, 
if not, in the electrical storeroom: 

125. Oil tanks, for cylinder and lubricating oil, to be supplied with cocks, 
trays and facilities for filling and cleaning; the capacity to be as large as 
the available space will permit. 

126. A work-bench and vice. 

127. All accessories and appliances for dynamo-rooms and steam con- 
nections to be of approved design, operation and construction. 


FOUNDATIONS. 


128. The deck under all generating sets is to be so supported and 
strengthened that it will easily sustain the weight and insure that the 
framing of the vessel will assist in securing rigidity and preventing 
vibration. 

129. The bed plates should preferably rest in a metal pan, with edges 
turned up about two inches to catch waste oil and water; the pan to rest 
on and be secured to a wooden base, not less than two inches in thickness, 
to deaden vibration. 

130. Cutting waterways in the wooden base and lining with lead is to 
be avoided, as the lead is readily injured and cut. 

131. The wooden base should be protected from access of water in 
order to secure durability. All foundations to be leveled. 


SWITCHBOARD AND CONNECTIONS. 


132. Switchboards are to be installed with an especial reference to 
accessibility, and freedom from access of oil thrown by the moving parts 
of dynamos and engines. 

133. It is desirable that sufficient room be allowed between the bulkhead 
and back of the switchboard to facilitate connections. 

134. The slate panels constituting the switchboard shall be separated 
from the metal framework (or bulkhead) by a wooden framing; the 
wooden framing to embrace and lap over the edge of each panel, to hold 
it together in case of breakage. The panels to be secured to the framing 
by bolts, with countersunk heads, which will be in addition to those 
securing the framing to the metal framework; the holes for the bolts to 
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have ample clearance, so that the panels will be held by the pressure of 
the nuts only; the weight to be supported by a ledge on the wooden 
framing. 

135. Dynamo and shunt rheostat leads will be installed in the standard 
molding prescribed for that use. 

136. Dynamo and equalizer leads will have a cross section on the basis 
of 1,500 circular mils per ampere of the rated capacity of the dynamo. 

137. When three or more dynamos are to be connected to the same 
switchboard, especial precaution is to be taken to insure a practical 
equality in resistance of the equalizer leads. 

138. A double pole automatic circuit-breaking switch, of approved de- 
sign, construction and operation will be connected in the positive and 
equalizer dynamo leads on the switchboard. 

139. All rheostats are to be installed with reference to freedom from 
access of oil thrown by the moving parts of the engine. 

140. Search-light rheostats to be located as conveniently near to the 
instrument board as space will admit, and to be marked with the names 
corresponding to their respective lights. 

141. Switchboards and rheostats are to be raised as high above the deck 
as convenience of access to the appliances and available space will permit, 
and to be placed clear of the dripping from dead lights in the deck over- 
head. 


ELECTRICAL INTERIOR COMMUNICATIONS. 


CONDUIT AND MOLDING. 


142. Conduit will be used for all spaces in the water-tight system. It 
is to be preferred for use in all other locations; but in spaces where it 
may not be desirable to run it over woodwork, as in chart-house, emerg- 
ency cabins and officers’ quarters, standard wooden molding may be used. 

143. It will be fastened to the metal of the ship by stout metal straps, at 
such intervals as will firmly secure it in place, prevent undue vibration 
and withstand any unusual strain to which it may be subject. 

144. It shall be continuous and to be made water-tight at bulkheads by 
approved flanges and stuffing boxes. 

145. Leads through armor will be made by tapping in on both sides, 
continuity to be secured by smooth-turning the end of one of the conduits, 
to a depth of the thread, for a length equal to the untapped thickness of 
the armor; the ends to butt together. 

146. Connections to standard connection boxes to be made by tapping 
a short nipple, with right and left coupling, directly into the box. Stand- 
ard bell-wire molding to be installed, as prescribed for that for lighting 
and motor circuits. 

WIRING. 

147. All wire, whether for use on dynamo current, battery or trans- 
former, to be that prescribed by the specifications for bell wire and in- 
terior-communication cable; the specified bell wire and interior-communi- 
cation cable to be used on all circuits, whether for call bells, telephones, 
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telegraphs or indicators, excepting where a standard special cable has 
been specified for a particular use. 

148. Interior-communication cable to be used for all leads below the 
main deck, excepting for quarters and office calls in the nonwater-tight 
system; the governing principle to be to secure thorough water-tightness 
between the water-tight and nonwater-tight sections of the vessel, which 
will necessitate in some cases the extension of the cable into the non- 
water-tight sections through the water-tight bulkhead. Interior-communi- 
cation cable is also to be used for circuits to the conning tower, chart- 
house, military top, signal towers, emergency cabins and bridge. 

149. Not more than 20 wires will be used in any one lead. 

150. Type A 20 or Type 40 connection boxes will be used, as may be 
most suitable for the particular case, special reference being had to reduc- 
ing the number of boxes to a convenient minimum. 

151. All wire or cable to be run where directed and where accessible, 
that for circuits used in action to be kept below the water-line as much 
as possible. 

152. Circuits used in action which are protected, and which are con- 
nected to exposed circuits, to be provided with action cut-out switches 
for cutting out the exposed portions of the circuits. Thorough water- 
tightness is to be observed for all leads into wiring appliances, through 
the bulkheads below the main deck, and through all decks. 

153. The outer braid and tape on the ends of all bell wire and cable, 
where they are connected through gaskets in boxes, cut-outs or instru- 
ments, is to be removed, exposing the vulcanized rubber underneath to 
within one-eighth inch of the outside of the gland; special care to be 
observed not to cut into or injure the vulcanized rubber. 

154. All wire and cable run through decks or bulkheads, when molding 
is used, must be led through standard stuffing tubes; when running 
through beams or bulkheads, and water-tightness is not required, the 
hole for the lead must be bushed with hard rubber, the hard rubber ex- 
tending into the molding on each side. 

155. No circuits to be led overhead in locations subject to heat, or 
through or into coal bunkers, unless specially authorized. 

156. All conductors are to be run in conduit or molding. No cleating 
to be permitted in any appliances unless specially authorized and approved. 

157. Tag boxes are to be provided with metal name-plates marked to 
correspond with the numbers shown on the drawings of the circuits. 

158. The number of soldered joints in single-conductor circuits will be 
kept at a minimum, and entirely avoided, if practicable. When soldered 
joints are made, it is to be done by first cleaning the wires, then twisting 
closely together and heating sufficiently only to cause the solder to flow 
freely into the joint. The heating will preferably be done with a solder- 
ing iron. If a soldering lamp is used, special precaution will be taken to 
prevent overheating of the rubber. 

159. The solder for making joints shall be of the rosin-core type; no 
flux of other than rosin to be used. 

160. All joints shall be taped while warm with a layer of rubber tape, 
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and covered with an outside layer of cotton tape for protection against 
mechanical injury. 

161. A dry location will be selected when joints are to be made in leads. 

162. The interstices between wires or variation from full circle in outer 
surface, where large enought to admit of it, are to be filled with rubber 
tape. The tape for filling is to be cut to one foot in excess of the length 
of the tube, then soft rolled on itself, the axis of the spiral being in the 
direction of the length of the tape. These are to be laid in the interstices 
so that 6 inches will extend beyond each end of the tube when the con- 
ductors are in their normal position. The whole is then to be securely 
wrapped with rubber tape, lapping one-half of its width to same length as 
the fillers and to a sufficient thickness at the gasket to make it bind the 
taped conductors tightly. Where No. 16 B. & S. G. battery wires form 
sole components, they shall be closely grouped together. The inner 
interstices need not be filled, and the outer only when their number is 
other than seven and nineteen. The outer wrapping is to be done in,every 
case where there is sufficient difference between diameters of the tube and 
laid-up conductors. The fillers should not be so made up as to increase 
to any degree the outer diameter of the cable. 

163. It is intended that the tubes will be made practically water-tight 
by this method, and the work must be done to insure this result as far 
as possible. 

164. All call bells and push-buttons to have name-plates; those for the 
bells to indicate the station from which the call is sent, and those for 
the buttons to indicate the station to which sent. 


CIRCUITS. 


165. The circuits will be divided into the following classes: 
. Call-bell circuits. 
. Telephone circuits. 
. Telegraph circuits. 
. Indicator circuits. 
. Fire-alarm circuits. 
. General-alarm circuits. 
166. Call-bell circuits will comprise— 
Quarter’s and office calls. 
Voice-tube calls. 

Wherever necessary to prevent confusion in calls to the same location, 
an annunciator will be installed, with a convenient number of drops. 

167. Quarter’s call will include the following: 

168. Commander-in-chief.—Calls from staterooms, bathroom, saloon and 
office, to orderly and pantry; also a call from the signal tower to the 
orderly. Calls in each saloon, to be located at the table, to call the 
orderly and pantry. 

169. Captain.—Calls from staterooms, bathroom, saloon and office, to 
orderly and pantry; a return call from the cabin to the chart-house, and 
calls from the emergency cabin to the chart-house, orderly and cabin 
pantry. Calls in each saloon, to be located at the table, to call the orderly 
and pantry. 
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170. Wardroom.—Calls from staterooms, bathroom and table, to the 
pantry; one table call to call the messenger. Additional calls in state. 
rooms to be installed as follows: 

Executive officer—Call to office, master-at-arms and yeoman. 

Chief engineer. —Call to each main engine-room and to the log-room. 

Paymaster.—Call to pay office. 

Surgeon.—Call to the dispensary. 

Navigator.—Call to office and dynamo-room. 

Marine officer.—Call to first sergeant. 

171. Junior officers.—Calls from each stateroom and table to the pantry. 
In ships having no stateroom the call to be from the table only. 

172. Warrant officers.—Calls from staterooms and mess-room to pantry. 
A call will be installed, at some convenient place, for the officer of the 
deck to call the cabin orderly when stationed on a lower deck; also a 
call, located on each deck used for quarters, to announce the departure of 
boats; the latter to have 6-inch single-stroke bell. 


Orrice CALLs. 


173. Executive officer —Calls to master-at-arms, yeoman and wardroom 
pantry. 

Paymaster.—A call to the wardroom pantry. 

Navigator.—Call to the dynamo-room and wardroom pantry. 


VOICE-TUBE CALLS. 


174. A return call will be installed at each end of continuous voice tubes. 
When voice tubes are connected through valves or hand connections, a 
return call will lead to the central station. 


TELEPHONE CIRCUITS. 


175. Telephonic connections between different locations are to be in- 
stalled where directed. They are intended to take the place of, or to 
supplement, voice tubes between the locations. They will include the 
following: A direct circuit from the captain’s cabin to the chart house. 
A circuit connecting the conning tower to the central station, turrets, 
torpedo tubes, steering engine-room and that main engine-room in which 
the voice tubes terminate. The locations mentioned to call the conning 
tower through an annunciator; the connections from the conning tower 
to be controlled by switches; the annunciator, transmitter, push-button, 
switches and bell to be combined in the same case. The switches to have 
name-plates indicating the connection. When installing telephones, posi- 
tions will be selected for the instruments where least exposed to vibration; 
the mouthpieces to be 5 feet above the deck. Sections of telephone cir- 
cuits which are run in molding, and with separate wires, are to be tagged 
at convenient intervals for facilitating tracing of wires; the ends of all 
wires, whether separate or in cable, to have metal tags marked to dis- 
tinguish the particular wire. All circuits to be on separate batteries. A 
blue-print diagram of leads of the circuits, the location of batteries, in- 
struments and tag boxes, with all connections, to be furnished. The 
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insulation resistance between circuits, and from each circuit to ground, 
to be not less than 1 megohm. The circuits to the conning tower shall 
be run inside of the armored tube; any sections of the conning-tower 
circuits, which are not protected by armor, shall be connected through an 
action cut-off switch. 


BATTERIES FOR QUARTERS’ AND OFFICE CALLS. 


176. The circuits will be divided into separate circuits, each to have its 
own battery. The batteries to be placed in battery lockers having a 
separate partition for each cell; the lockers to be located as near the 
respective annunciators as practicable; the partitions for the cells to be 
4% by 4% inches inside measurement, and also to be on the front of the 
cells to prevent their falling out when the locker door is opened. The 
distance between shelves to be 9 inches. The door to be provided with 
a snap catch and a name-plate indicating the name of the circuit which 
the battery supplies. 


BATTERIES FOR VOICE-TUBE CALLS, TELEPHONES, FIRE-ALARM, AND 
GENERAL-ALARM CIRCUITS. 


177. A battery locker shall be provided in which all the batteries for 
voice-tube calls, telephone calls and those for operating general-alarm 
gongs shall be located. The cells to be grouped on trays containing not 
more than 12 cells each; each cell to be placed in a separate compartment 
4% by 4% inches, separated by partitions 3 inches in height; each tray 
to be provided with handles for lifting, with push bolts for securing in 
place, and with a name-plate indicating the name of the circuit which the 
batteries of the tray supply. The voice-tube calls shall be on separate- 
battery circuits, and will include one of the larger annunciators with their 
push-buttons, and any separate bell or push-button call that perform 
similar service. The smaller annunciators, with their push-buttons and 
bells, may be collected in groups of two or three on the same battery 
circuit. It is intended in the foregoing arrangement of annunciators to 
avoid general interruption of service in case of fault in any circuit, and 
also to decrease the work on the batteries. The annunciators to be as 
near the voice tubes as practicable and in a safe and visible location. 
Rotary transformers, to be located in the dynamo-room, when practicable, 
will generally be used in lieu of the batteries on the foregoing circuits 
excepting for quarters, telephone and office calls; the transformers and 
batteries to be connected to the circuits through the standard transfer 
switcl.. 

PUSH-BUTTONS. 


178. Push-buttons in quarters shall be of the nonwater-tight type; and, 
in staterooms, shall be mounted on the same blocks as the switch for the 
lights and located near the head of the berth. Push-buttons at tables 
shall be of the pear-push type, the cords to lead from ceiling buttons; cup 
hooks to be conveniently placed for hanging the bights of the cords. 
Push-buttons for voice tubes will be located, if practicable, directly over 
or under the mouthpiece. 
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TELEGRAPH AND INDICATOR CIRCUITS. 


179. When rheostats are used (for the purpose of using the dynamo 
current) the binding posts to which the connections are made will be 
equidistant from the ends, and protect the circuit from exposure to the 
full dynamo potential. 

ENGINE TELEGRAPH. 


180. A transmitter for each engine-room will be installed on the bridge 
(in the chart-house and in the conning tower, if directed), with receivers 
in each engine-room and necessary return transmitters and receivers as 
may be necessary to the particular device. Standard action cut-out 
switches are to be placed on the circuits leading to the bridge and chart- 
house. 

Heim TELEGRAPH. 

181. A transmitter to be located on the bridge, in the chart-house and 
in the conning tower. Receivers will be provided in the tiller-room, 
steering engine-room and at the wheels aft. Standard action cut-out 
switches are to be placed on the circuits leading to the bridge, chart- 
house and wheels aft. 


ENGINE-REVOLUTION AND DIRECTION INDICATORS. 


182. The transmitters to be in the shaft passages; in vessels not provided 
with shaft passages (or alley) to be located as far aft as possible. Re- 
ceivers to be located in the engine-rooms, conning tower, chart-house and 
on bridge. Standard action cut-out switches are to be placed on the 
circuits leading to the chart-house and bridge. 


Heim INDICATORS. 


183. The transmitter to be located in the tiller-room. Receivers to be 
located in the steering engine-room, conning tower, chart-house, on the 
bridge and at the wheels aft. Standard action cut-out switches are to be 
placed on the circuits leading to the chart-house, bridge and wheels aft. 


FIRE-ALARM CIRCUIT. 


184. The annunciators to be located in the dynamo-room unless other- 
wise directed. The thermostats to be placed in metal cases overhead in 
such storerooms as shall be directed, and overhead and on bulkheads in 
all bunkers. All thermostats in any one compartment to be connected in 
parallel. 

GENERAL-ALARM CIRCUITS. 


185. The gongs are to be so located in the living and working spaces 
as to be heard by all the ship’s force. The gongs are to be operated by 
contact makers located in the chart-house, conning tower and the state- 
rooms for the captain and executive officers. All contact makers are to 
be placed at a distance from the push-buttons, to prevent mistake. 


INSTALLATION OF RANGE-FINDERS. 


186. The wiring to be the standard cable. The leads to be run below 
the protective deck, or where protected by armor, and run in conduit or 
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molding corresponding to the use of conduit or molding for the lighting 
circuits in the location. Water-tightness to be insured, and effected as 
prescribed for those circuits. The range-finder circuit will receive its 
current for the battle-service circuit, the connection to be made with a 
standard No. 14 B. & S. G. conductor, the conductor to be connected 
to a rheostat; the range-finder circuit to be taken from interior binding 
posts on the rheostats, to protect the circuit from the full voltage of the 
battle-service circuit. The rheostats are to be designed to provide current 
for both range-finder and range-finder telephone circuits. 

187. The installation of all electrical apparatus for interior communica- 
tions not mentioned in these specifications shall be under the direction 
of the Bureau of Equipment and according to specifications prepared by 
the Bureau as to material, apparatus and method of installation. All to be 
subject to approval. 


INSTALLATION OF ELECTRIC OPERATORS FOR STEAM WHISTLES AND 
SIRENS. 


188. The clockwork mechanism will be placed in the chart-house on 
one of the bulkheads, as directed. The connection to the signal circuit 
will be made with No. 14 B. & S. lighting conductors in lighting wire 
conduit and molding through a double pole switch to a branch junction 
box three-way. The connection to the controlling switch on the bridge 
is to be made with the standard whistle cable, triple conductor. The 
connection to the cable coupling case at the magnet case is to be made 
with the standard whistle cable, double conductor. Inside of the chart 
house the cables will be run in interior-communication molding. From 
the bridge deck to the rail a special deck tube will be used. The run from 
the cable coupling case to the desk of bulkhead will be made in conduit, 
ending in a flange. In going through the hood around the stack an 
angle flange will be used. The conduit will be secured to the stack at 
about every four feet by pipe supports. A sleeve expansion joint is to be 
placed in the conduit, between the cable coupling case and the upper 
support, to provide the increased length of the conduit required to 
accommodate for the expansion of the heated steam pipe leading to the 
whistle. The electric-whistle operator and signal system is to be fitted 
with accessories for proper installation as shown in the Bureau’s drawing 
No. 809 H., and connected as per Bureau’s drawing No. 811 A. 

18. When the installation is complete, and before acceptance, the 
insulation resistance of all circuits must be tested out, and conform to 
the following specifications: Circuits for continual service, battle service, 
general service, sea service and day service must be connected up to all their 
outlets and show an insulation resistance of not less than 1 megohm be- 
tween circuits, and from each circuit to ground. Search-light feeders and 
motor feeders must show an insulation resistance of not less than 5 
megohms, the circuits not being connected up. The signal circuit will 
conform to the test for search-light feeders. The generating sets, wiring 
appliances, fixtures and accessories to pass the tests required by their 
Tespective specifications. 
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THE SECONDARY BATTERY. 
By Lieut. F. K. Hitt, VU. S. Navy. 





During the late war with Spain the writer was on the Iowa and 
had command of the secondary battery on the upper deck—six- 
teen 6-pounders and two 4-inch R. F. 

So much has been written, in a popular way, of the merits of 
secondary battery, and there has also been so much talk on the 
subject, from which erroneous conclusions (in the writer’s opin- 
ion) have been drawn, that the writer has thought to give his 
views from deductions made after seeing the battery under ser- 
vice conditions. 

It was a general opinion in the Navy that since no good range- 
finder had been developed the secondary battery might be used 
for this purpose, and much has been written on the subject. It 
was found in actual service that against forts or in fleet action 
these guns could not be thus used, because, in the great number 
of shots delivered, those of a particular ship or of a particular 
gun could not be located, and therefore no range could be deter- 
mined by an individual gun or group of guns. In action between 
two ships the secondary battery might, under some circumstances, 
be used as a range-finder, but it is the writer’s belief that since 
the larger guns will begin an action they certainly will never stop 
firing to allow the smaller guns to get the range, and the range 
cannot be determined by a small gun unless the larger guns cease 
firing. 

In the bombardment of forts at San Juan, Captain Evans soon 
saw that the secondary battery was making no impression, 
although the number of hits was great, so he ordered the small 
guns to cease firing, and from that time on the 6-pounder guns 
were not again used against forts. 
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July the 3d was the day on which the secondary battery in the 
popular mind came to the front, and yet if this action be care- 
fully analyzed the secondary battery will not be so important 
as we are led to believe from common report. The secondary 
batteries of the large ships did what they were called on to do in 
the case of the torpedo destroyers, and that was legitimate and 
complete work in their line. 

The secondary batteries of the large ships also did most of 
the damage to the four armored cruisers. Yet, does it follow 
from this that the main batteries should be reduced in number 
or size? The writer thinks not, for the following reasons: 

1. The Spanish ships were whipped so quickly that there was 
no time to develop the ultimate fighting strength of our vessels, 

2. The Spanish vessels were loaded with wood, and their de- 
struction was due secondarily to this fact, as fire was an important 
feature in their destruction. 

3. The Spanish gunners did no good shooting, so that our 
service of the secondary battery guns was never materially inter- 
fered with. 

For these reasons the writer thinks that if the battle had been 
between two fleets of battleships, practically non-inflammable, 
with good gunners on both sides, the first part of the action 
would have seen the mutual destruction of the secondary bat- 
teries and crews, and the final test would have been between the 
heavy guns and the armor. 

Therefore, let us not be led away by an accidental victory of 
small guns and say that we should have more rapid-firing guns 
and a reduction of the main battery, but rather let us keep on in 
our former paths with big ships and big guns, and let the little 
ones keep their place as secondary, for secondary they certainly are. 
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NAVAL RESERVES AND NAVAL VOLUNTEERS. 
By LiEuTENANT R. C. Situ, U. S. Navy. 





To naval rea‘lers it is not necessary to expatiate on the experi- 
ences of Naval Reserves in the late war. The fleet was largely 
increased and it was necessary to man it. The one-year’s men 
helped out materially, but they were not numerous enough to 
meet all requirements. As a result the Naval Reserves were 
utilized in the general service. It is known that they were not 
altogether satisfactory; it could not be expected that they should 
be; but on the whole they filled positions that would have been 
otherwise vacant, and some of them did very good work. The 
navy is indebted to them, and they should be made to feel it. The 
writer served a couple of months with a large contingent of them 
aboard an auxiliary cruiser. Actual hostilities had ceased at the 
time, and it was possible to observe these men after the excite- 
ment of war had subsided. They were intelligent and patriotic, 
and while all were not sailors, they did their work creditably. To 
have hecome the equal of man-of-war’s men they would have 
had to continue permanently in the service. This of course was 
out of the question. But I often reflected that with their capacity 
and local organization and the time they could ordinarily com- 
mand for drill and instruction, there were one or two specialized 
duties of real importance to the navy in the discharge of which 
they could be made actual experts. 

The Government felt that much of the trouble of the Reserves 
was due to lack of uniformity in organization, drill and in- 
struction. But as this will always be the case when there is no 
governmental supervision or control, the remedy seemed to lie 
in enrolling and training a reserve that could be called on with 
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confidence in emergencies like the one that lately confronted 
us; at least such is the impression I have gained from newspaper 
reports and the bill for enrolling a reserve now before Con- 
gress. This bill seems to follow the able report made by Lieu- 
tenant Southerland to the Assistant Secretary of the Navy. It 
is to be hoped it will pass, as it will accomplish a great deal 
of good in the right direction. It seems unfortunately to have 
aroused opposition in some quarters. I am not in a position to 
know if this will prove serious. I have had talks with a few 
reserve men, and the ground seems to be that the tendency 
will be to disrupt the local organizations. This of course would 
not be desirable, as the local training is of great importance in 
supplementing any drill and instruction that can be included in 
a government scheme. 

The problem then is to encourage the local organizations as 
an important adjunct to the governmental enrollment. Any oppo- 
sition that exists to the enrollment comes from that section of the 
present Naval Reserves, the individuals of which feel that they 
are not deep-sea sailors and do not desire to bind themselves to 
serve anywhere and at any duty to which the government may 
see fit to order them. When it is considered that the non-sailor 
element is largely in the majority in the Naval Reserves, it is 
seen that there are possibilities here of a serious complication. 

There are, generally speaking, two classes of men available 
for re-enforcing the navy in time of war; men with previous 
nautical training and men without it, or with very little. If the 
former class was numerous enough to fill all the requirements 
the question would be simple enough; but it is well known that 
this is not the case. The numbers of available seamen are not 
nearly adequate to the navy’s needs in time of war. Fortunately, 
of the other class there are many men of nautical inclination and 
some knowledge of the water who are ready at the call to war 
to render any service that lies in their power. Since it is impos- 
sible to obtain all the seamen that would be desirable, it will be 
decidedly to the interest of the navy to make use of these other 
men also. And to get the best results from their services, it 
will be necessary to determine in advance the character of their 
work, train them for it, and when war breaks out assign them 
to it. If to assure the success of the seaman reserve movement 
it is necessary to provide government supervision and control; 
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equally will it be necessary for the government to supervise and 
control the non-seaman organization and management. 

To divide these classes again on slightly different lines, there 
are men who are ready in time of war to serve the country any- 
where and on any duty, and there are men who are unable for 
various reasons to do this, but who would be glad to serve 
locally in such capacity as they could. As the national reserve 
will be composed of the former class alone, some other pro- 
vision will be required to ensure the services of the latter class. 
Here seems a fitting place to draw a distinction between the two 
general classes referred to above. The term naval reserve has 
been used rather loosely since the incipiency of the movement. 
To make a distinction some State organizations have been called 
naval militia. The difference is this: The ordinary meaning of 
a reserve of anything, whether of force, or of men, or of money, 
is something held back, but available and ready for use in an 
emergency. Under this definition a true reserve would be com- 
posed of seamen alone, or of men with sufficient nautical and 
naval training to step aboard the man-of-war, settle down in 
their places, and thenceforth be to all intents and purposes a part 
of the regulars. This, I take it, is the scope of the present 
national reserve movement. As such it is a splendid thing and 
deserving of success. 

The so-called State reserves were usually not reserves at all, 
that is, referring to perhaps nine-tenths of their membership; 
and this was the reason for the adoption of the term naval militia. 
It is an improvement on naval reserve in the meaning conveyed, 
though still open to objections. Militia in its derivation sug- 
gests soldiers; and though in the present day the naval service 
is said to be a military service, it seems good to stick to its own 
designation. To make a general distinction between the two 
classes why not limit the use of the term reserve to the seaman 
class alone, and characterize all the other available elements as 
naval volunteers? The term volunteer has sometimes been ap- 
plied to the one-year’s men, but without any real necessity, as 
these latter were regularly enlisted in the rates they were qualified 
to fill, the only distinction being in the term of service. Volun- 
teer has in it something of the suggestion of amateur, which 
is very much the meaning to be conveyed. The men designated 
are mostly amateur sailors, and in war would be serving the 
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country for love and patriotism, or for the love of adventure; the 
result is the same. 

The national reserve then takes cognizance of men who are 
sailors and have served aboard the man-of-war; or if they have 
not, can still be given sufficient training in peace time to make 
them useful and available in war for the regular duties of the 
blue-jacket afloat. Can not we also by additional legislation take 
cognizance of the men of nautical inclination and some local 
knowledge of the water who would be glad to serve their country 
in special directions and near their homes to the best of their 
abilities, the men whom it has been suggested above to call naval 
volunteers? Perhaps they also could be enrolled in a national 
organization after demonstrating their fitness in certain branches, 
which will be considered later. The national reserves and the 
national volunteers could then serve side by side in the same local 
organizations with mutual benefit. In time of war, the reserves 
would be called away, but the volunteers would continue under 
governmental control the same general work they had been 
drilled at in time of peace, and as far as possible under their own 
officers and organization. Rank, pay and privileges could be 
made equivalent in the two branches. It is perfectly possible 
that men qualified to serve in the reserves might for various 
reasons prefer the volunteers, or a volunteer might perfect himself 
and be able to pass an examination as a reserve. Men satisfac- 
torily qualified could well be permitted to transfer from one 
branch to the other under suitable limitations. 

While I do not propose in this paper to consider fully the em- 
ployment of the naval volunteers, it is perhaps desirable to enum- 
erate some of the duties to which they might appropriately be 
assigned. The reconnoissance of the coast and pilotage of the 
harbors and inland waterways, the preparation of war maps, the 
coast signal service, including the pigeon-messenger service, the 
mining and patrolling of the harbors, and the torpedo-boat ser- 
vice for local defense are all duties which it would be the part 
of policy to turn over to them at once. 

For the reconnoissance of the coast there would be needed 2 
few small craft of various kinds. A converted yacht in each dis- 
trict would be a good beginning. In addition, there should be 
one or two steam launches and several cutters. Records would 
be kept and the results of the work noted on the war maps and 
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charts. A knowledge of local pilotage would necessarily follow. 
The work would be directed entirely by the local organizations, 
but on a plan devised by the government and uniform for all 
districts. An annual report would be made of the results, and 
such portions published as were not confidential. A rivalry 
would thus result between the various districts to excel in the 
amount and quality of the work. 

The present State organizations are already familiar with navy 
signaling. Under a central direction coast signal stations would 
be established at various points and manned entirely by the local 
volunteers. Practice would be undertaken with sufficient fre- 
quency to keep the men proficient. Telegraphy and the care 
of telegraph and telephone circuits would be a part of the require- 
ments. Recruits for this branch could very readily be found. 
The pigeon-messenger service would fall naturally under the 
! same central management. Distributed about the country are 
numerous clubs and private individuals interested in pigeon 
flying. They should be encouraged to join a national organiza- 
tion and perfect a plan in time of peace whereby pigeon cotes 
suitably located and an ample supply of trained birds could be 
at hand when wanted. 

The mining of our harbors is now by law in the hands of the 
army engineers, though in most foreign countries these duties, 
with reason, devolve on the navy. The sailor’s knowledge of 
boats and tides, and the fact that he must be trained in sub- 
marine mining in order to make use of it in operations on the 
enemy's coast, are sufficient reasons for giving him control of 
the system in our own waters. Added to this, that the mines 
are intended for use against hostile shipping, and that the sailor 
is familiar with the ways of ships and can often anticipate their 
movements and thus locate the mines in the most advantageous 
positions, and the case seems clear for the navy. 

Here, indeed, is a field for our naval volunteers. With the 
large and growing knowledge of electricity, and of the handling 
and manipulation of electrical cables and telephone circuits, 
recruits for this branch of work could be had with ease. It is 
interesting to note that these were the men in demand by the 
army engineers for mining our harbors in the war just passed. 
It will be much better to train them in peace times for the 
requisite duties. With the knowledge of the water that every 
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resident of a seaport acquires in youth, and with instruction at 
stated intervals by officers of the regular service, these men 
would become actual mining experts, and their services would 
be of the greatest value to the government. The same men 
would compose the harbor patrol, the chief duty of which is regu- 
lating the traffic of the harbor and enforcing the rules relating to 
the channels through the mine fields. I believe there were dis- 
agreements on these points during the war, mainly by reason of 
the divided control. 

But perhaps the most valuable, interesting and attractive work 
of any would be in connection with the local torpedo-boat 
defense system with which this country must surely very soon 
be provided. We know that, generally speaking, torpedo-boats 
are of two classes—destroyers, designed to accompany fleets, and 
the smaller coast defense boats operating from fixed bases. The 
destroyers would, as now, be officered and manned from the 
regular service, as would a certain number of the more sea- 
worthy of the smaller boats, capable, as circumstances permitted, 
of keeping touch with the fleet in its operations near the coast. 
But of the remainder, there must be eventually a certain number 
stationed permanently at each prominent port on our coast. 
The regulars of the navy could not man all of these if they wished 
to. Who other than the local naval volunteers can possibly form 
the personnel of this service? The alternative will be in laying up 
the boats in large numbers, against which permanent practice I 
should like to register a most earnest protest. They must, of 
course, be laid up in the winter season at our northern seaports, 
and some will always be under repair; but with these exceptions 
they should be kept for the greater part continually in use. The 
training of a crew for effective work requires weeks of practice, 
and if some twenty odd officers and men are sent to launch a 
boat from the ways, get up steam and go out to look for the 
enemy, they are going to meet with ignominious failure should 
they come up with him in the first few days. 

To organize a permanent local service we must look for these 
requirements. The officers and men must be watermen, if not 
deep-sea sailors. They must have a good knowledge of the 
pilotage of all harbors, bays, inlets, inland waterways and shoal 
channels in their own district. They must be of a mechanical 
turn of mind to appreciate the machinery of the boat and the 
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mechanism of the torpedo. These are the requirements, and it 
is easily seen that they can be met by material now in the present 
State organizations. The perfection of the material depends on 
practice; and as to that, if the boats should be made available, 
they would be in use by the different crews every long summer 
afternoon as a welcome respite from routine office or machine 
shop work. 

The districts would be in command of regular officers, and 
there would have to be enough instructors and torpedo experts 
to keep the work moving. The boats themselves could be even- 
tually officered and manned entirely from the naval volunteers, 
under whose care they would be hauled out and laid up in winter. 

I have thus tried to show that there is work for a corps of naval 
volunteers as well as for the reserves. Of course, all of this work 
could be done by reserves if enough of them could be got 
together. But it does not seem likely that there will be more 
than enough for many years to fill up the war complement of the 
fleet. Therefore it becomes a necessity to utilize men who can 
acquire a working knowledge of various specialties but who are 
in no sense man-of-war’s men, and therefore cannot form part of 
a true reserve. 

The reserves and volunteers would have no trouble in coming 
together in the local organizations, and would, indeed, derive 
mutual benefit from the contact. If reserves alone are enrolled 
and the State organizations are still maintained, there must be 
inevitable bickerings between the members who do and those 
who do not belong to the national organization. By enrolling 
the volunteers also, it is probable that all cause for friction would 
disappear, and the local organizations would be stimulated and 
encouraged as never before. A man then with any nautical skill 
or liking, however slight, and with any mechanical or sailor-like 
knowledge up to that of the trained man-of-war’s man, can find 
a place where he will fit in, and can count on being employed in 
time of war on a duty with which he is familiar, a consideration 
which it seems to me must be the beginning of any success in 
organizing the auxiliary navy. 
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VIEWS OF ADMIRAL CERVERA REGARDING THE 
SPANISH NAVY IN THE LATE WAR. 


[Printed by permission of the Chief Intelligence Officer.] 





INTRODUCTORY. 


Under the title “ Vindication of the Navy,” there appeared in 
the La Epoca, Madrid, November 5, 18098, this article, which is 
made up mainly of extracts from letters from Admiral Cervera, 
written previous to the declaration of war and continued to 
May 5. These letters were written by Admiral Cervera in pro- 
test against Spain rushing into war in face of certain defeat, due 
to the naval strength of the United States and the unpreparedness 
of the Spanish navy. 

Cervera writes: “I ask myself if it is right for me to keep 
silent, and thereby make myself an accomplice in adventures 
which will surely cause the total ruin of Spain. And for what 
purpose? To defend an island which was ours but belongs to 
us no more, because even if we should not lose it by right in the 
war, we have lost it in fact, and with it all wealth and an enormous 
number of young men, victims of the climate and bullets, in the 
defense of what is now no more than a romantic ideal. Further- 
more, I believe that this opinion of mine should be known to the 
Queen, and by the whole counsel of ministers. 

“ . .. If our correspondence of the last two months is looked 
over it will be seen, not that I have been a prophet, but that I have 
fallen short of the true mark. Let us not have any illusions as 
to what we can do... . 

“T have deemed it my duty to express my opinions to the 
proper authorities clearly and without beating around the bush. 
Now, let orders be given to me; I will carry them out with energy 
and decision. I am ready for the worst.” 
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Spain had neglected her navy, and Cervera shows it was im- 
prudent for her to attempt war against a superior naval power. 
RICHARDSON CLOVER, 
Chief Intelligence Officer. 


Navy DEPARTMENT, 
Orrice oF NAVAL INTELLIGENCE, 
Nov. 29, 1898. 


THE VINDICATION OF THE NAVY. 
(From La Epoca, Madrid, November 5, 1898.) 


The first judgment of a part of the public concerning the con- 
duct of the navy in the combats of Cavite and Santiago has been 
already much modified. In the face of the evidence of official 
reports; of the praises and expressions of respect and admiration 
of the victors toward those who fought against them under disad- 
vantageous circumstances; of the technical explanations given by 
foreign and Spanish scientific authorities, the unjust accusations 
of the first few days have faded away. 

But still more complete must be the vindication of the navy, 
which has been treated with unjust severity and manifest partial- 
ity, when justice compels us to acknowledge that in all the events 
of the war the navy has done all that could be asked of it, con- 
sidering its limited means; and that not only has it done its duty 
in naval actions, but it has also assisted the action of the land 
forces, as for instance in Santiago, now mounting and serving the 
batteries, which made it possible to prolong the resistance of the 
city; now landing its crews and fighting in the trenches so heroic- 
ally that it was these naval forces that suffered the greatest losses. 

As regards Admiral Cervera and his conduct from the time he 
took command of the fleet until the terrible battle of Santiago, 
we feel sure that not only will the supreme council of war and 
marine recognize that he carried the fulfillment of duty to the 
last possible extreme, but also that public opinion will have to 
atone to him for the injustice with which he has been treated, and 
will surround him with the respect deserved by those who, subor- 
dinating every consideration to the love of their country, pointed 
out to those who were blind the abyss toward which they were 
conducting the nation. His advice and representations were not 
heeded, and he heroically complied with the law of obedience, 
under which are all who wear the honorable military uniform. 
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We will not refer, for the present, to the battle of Santiago, 
which is now sub judice, but full light will be thrown upon this 
subject in due time. But previous events demonstrate the fore- 
thought of Rear-Admiral Cervera and the lamentable blindness of 
those who would not hear him, and are sufficient for the vindica- 
tion of the sailors of Santiago. 

From documents known by many chiefs and officers of the navy 
it appears that Admiral Cervera expressed himself always ready 
to give absolute obedience to the orders of the government; that 
he pointed out the dangers of a disastrous war with the United 
States while it was still possible to avoid it; that he repeatedly 
reported the deficiencies in the vessels under his command; that 
he persistently offered to come to Madrid to explain to the 
council of ministers the reasons why our fleet was going to cer- 
tain destruction; that he was not allowed to explain these reasons 
to those about to take upon themselves the enormous responsi- 
bility of this war; that he was forced to sail without a war plan, 
against his opinion and that of all the commanders of the fleet, 
who signed a solemn protest declining the responsibility of the 
consequences; that finally many of the elements indispensable 
to put the ships in a fair condition were not supplied to him; that 
the Colén sailed without her turret artillery, and some of the 
Bilbao cruisers with some of the pieces and ammunition defective, 
and at least one of them with her speed very much reduced on 
account of the state of her bottom. 

Though they possessed such conclusive and justifying docu- 
ments, those officers had the self-denial, the patriotism, and the 
spirit of discipline not to reply to the attacks made against them, 
thus setting a fine example which is very rare in these times of 
personal and corps egotism, general insubordination, and wild 
passions. This noble conduct makes it still more necessary to 
give full satisfaction to the navy by making public, when the 
Cortes meet, all the official correspondence exchanged between 
Admiral Cervera and the minister of marine, as well as the sup- 
plementary private documents bearing on the subject. 

We have had occasion to see some of these documents, and we 
wish to anticipate that justification, and to show that in reality 
it was not Cervera who lost the fleet, but those who, against the 
opinion of the Admiral and the commanders of the fleet, without 
even hearing Cervera’s representations, sent the vessels to fight 
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under such conditions that they had to perish, thus sacrificing to 
the vain and noisy outcry of our jingoes the best vessels of Spain 
and the lives of hundreds of brave men. 

Present circumstances prevent us, at this time, from making 
known much interesting data. However, the following is quite 
sufficient, we believe, to form a more just opinion of our navy. 

In January, 1898, Admiral Cervera wrote to one of his relatives: 


DEFICIENCIES OF THE NAVAL INDUSTRY. 


“About two years ago I wrote you a letter concerning our con- 
dition to go to war with the United States. I requested you to 
keep that letter in case some day it should be necessary to bring it 
to light in defense of my memory or myself when we had experi- 
enced the sad disappointment prepared for us by the stupidity of 
some, the cupidity of others, and the incapability of all, even of 
those with the best of intentions. 

“ To-day we find ourselves again in one of those critical periods 
which seem to be the beginning of the end, and I write you again 
to express my point of view and to explain my action in this 
matter, and I beg you to put this letter with the other one, so 
that the two may be my military testament. 

“ The relative military positions of Spain and the United States 
has grown worse for us, because we are extenuated, absolutely 
penniless, and they are very rich, and also because we have 
increased our naval power only with the Colén and the torpedo- 
destroyers, and they have increased theirs much more. 

“ What I have said of our industry is sadly confirmed in every- 
thing we look at. There is the Catalufia, begun more than eight 
years ago, and her hull is not yet completed. And this when we 
are spurred on by danger, which does not wake patriotism in any- 
body, while jingoism finds numerous victims, perhaps myself 
to-morrow. And the condition of our industry is the same in all 
the arsenals. 

“ Let us consider, now, our private industries. The Maquinista 
Terrestre y Maritima supplies the engines of the Alfonso XIII; 
Cadiz the Filipinas. If the Carlos V is not a dead failure, she is 
not what she should be; everything has been sacrificed to speed, 
and she lacks power. And remember, that the construction is 
purely Spanish. The Company of La Grajfia has not completed 
its ships, as I am told. Only the Vizcaya, Oquendo and Maria 
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Teresa are good ships of their class; but, though constructed at 
Bilbao, it was by Englishmen. Thus, manifestly, even victory 
would be a sad thing for us. As for the.administration and its 
intricacies, let us not speak of that; its slow procedure is killing 
us. The Vizcaya carries a 14-cm. breech-plug which was declared 
useless two months ago, and I did not know it until last night. 
And that because an official inquiry was made. How many cases 
I might mention! But my purpose is not to accuse, but to explain 
why we may and must expect a disaster. But as it is necessary to 
go to the bitter end, and as it would be a crime to say that pub- 
licly today, I hold my tongue, and go forth resignedly to face the 
trials which God may be pleased to send me. I am sure that we 
will do our duty, for the spirit of the navy is excellent; but I 
pray God that the troubles may be arranged without coming to a 
conflict which, in any way, I believe would be disastrous for us.” 


STATE OF THE FLEET. 


In the beginning of February Admiral Cervera wrote to a high 
official personage: 

“Although I am sure that I am telling you nothing new, I think 
it is not idle, in these critical times, to make a study of the condi- 
tion of the fleet. We must discount the Alfonso XIII, so many 
years under trials that it appears we shall not have the pleasure 
ever to count it among our vessels of war. The fleet is reduced 
to the three Bilbao cruisers, the Colén, the Destructor, and 
the torpedo-destroyers Furor and Terror. The three Bilbao 
battle-ships are practically complete, but the 14-cm. artillery, the 
main power of these vessels, is practically useless, on account of 
the bad system of its breech mechanism, and the bad quality of 
the cartridge cases, of which there are only those on board. 

“The Colén, which is undoubtedly the best of all our ships 
from a military point of view, has not received her guns. The 
Destructor may serve as a scout, although its speed is not very 
high for this service in the fleet. The Furor and Terror are 
in a good condition, but I doubt if they can make effective 
use of their 75-mm. pieces. As for the supplies necessary for a 
fleet, we frequently lack even the most necessary. In this arsenal 
(Cadiz) we have not been able to coal, and both at Barcelona and 
Cadiz we could only obtain half of the biscuit we wanted, and 
that only because I had ordered 8,000 kilos to be made here. We 
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have no charts of the American seas, although I suppose that 
they have been ordered; but at the present time we could not 
move. Apart from this deficient state of the materiai, I have the 
pleasure to state that the spirit of the personnel is excellent, and 
that the country will find it all that it may choose to demand. It 
is a pity that a lack of better and more abundant material, greater 
supplies, and less hindrances are wanting to put this personnel in 
a condition to amply carry out its rdle! ” 


“T note,” said the Admiral in another letter, ““ what I am told 
concerning the heavy artillery of the Colén. It is to be very 
much regretted that there is always so much underhand work 
about everything, and that there should be so much of it now 
regarding the acceptance of the 254-mm. guns, because if we 
finally take them, it will seem that we are yielding to certain dis- 
agreeable impositions, and if things come to the worst, it seems 
to me we will have to accept, as the proverb says, ‘ hard bread 
rather than none’; and if we have no other guns, and these ones 
can fire at least 25 or 30 shots, we will have to take them anyhow, 
even though they are expensive and inefficient. And we must 
not lose time, so that the vesse] may be armed and supplied with 
ammunition as soon as possible.” 

Some time afterwards, when matters were getting worse and 
worse, the Admiral was more explicit still. Shortly after the 
Dupuy de Lome incident he said: 

“T do not know when the Pelayo and Carlos V will be able to 
join the fleet, but I suspect that they will not arrive in time. Of 
the first one I know nothing at all, but I have received some news 
concerning the second one, and certainly not very satisfactory as 
regards the time it will take for it to be ready. It seems to me 
that there is a mistake in the calculation of the forces we may 
count upon in the sad event of a war with the United States. In 
the Cadiz division I believe the Numancia will be lacking. I do 
not think we can count on the Lepanto. Of the Carlos V and the 
Pelayo I have already spoken. The Colén has not yet received 
her artillery, and if war comes, she will be caught without her 
heavy artillery. The eight principal vessels of the Havana station 
have no military value whatever, and, besides, are badly worn out, 
therefore they can be of very little use. In saying this I am not 
moved by a fault-finding spirit, but only by a desire to avoid illu- 
sions that may cost us very dear. 
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“Taking things as they are, however sad it may be, it is seen 
that our naval force when compared with that of the United 
States is approximately in the proportion of 1 to 3. It therefore 
seems to me a dream, almost a feverish fancy, to think that with 
this force, extenuated by our long wars, we can establish the 
blockade of any port of the United States. A campaign against 
them will have to be, at least for the present, a defensive or a 
disastrous one, unless we have some alliances, in which case the 
tables may be turned. As for the offensive, all we could do 
would be to make some raids with our fast vessels in order to 
do them as much harm as possible. It is frightful to think of 
the results of a naval battle, even if it should be a successful one 
for us, for how and where would we repair our damages? I, 
however, will not refuse to do what may be judged necessary, 
but I think it convenient to analyze the situation such as it is, 
without cherishing illusions which may bring about terrible dis- 
appointments.” 


COMPARISON OF THE FLEETS. 


The comparison of both navies, based upon the studies made in 
prevision of a war with the United States, suggested to the 
Admiral the following considerations on February 25, 1808: 

“If we compare the navy of the United States with our 
own, counting only modern vessels capable of active service, 
we find that the United States have the battle-ships Iowa, Indi- 
ana, Massachusetts, Oregon and Texas; the armored cruisers 
Brooklyn and New York; the protected cruisers Atlanta, Min- 
neapolis, Baltimore, Charleston, Chicago, Cincinnati, Columbia, 
Newark, San Francisco, Olympia, Philadelphia, and Raleigh, 
and the rapid unprotected cruisers Detroit, Marblehead, and 
Montgomery. Against this we have, following the same classifi- 
cation, the battle-ships Pelayo, Infanta Maria Teresa, Vizcaya, 
and Oquendo, armored cruiser Colén, and protected cruiser Car- 
los V, Alfonso XIII, and Lepanto; no fast unprotected cruisers; 
and all this supposing the Pelayo, Carlos V, and Lepanto to be 
ready in time, and giving the desired value to the Alfonso XIII. 
I do not mention the other vessels on account of their small mili- 
tary value, surely inferior to that of the nine gunboats, from 
1,000 to 1,600 tons each, six monitors still in service, the ram 
Katahdin, the Vesuvius, and the torpedo-boats and destroyers, 
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which I do not count. I believe that in the present form the com- 
parison is accurate enough. 

“ Comparing the displacements, we find that in battle-ships the 
United States have 41,589 tons against our 30,917 tons; in 
armored cruisers they have 17,471 tons against our 6,840; in pro- 
tected cruisers 51,098 against 18,887, and in fast unprotected 
cruisers they have 6,287 and we none. The total of vessels good 
for all kinds of operations comprise 116,445 tons against 56,644 
tons, or something less than one-half. 

“In speed our battle-ships are superior to theirs, but not to 
their armored cruisers. In other vessels their speed is superior 
to ours. 

“ Comparing the artillery, and admitting that it is possible to 
fire every ten minutes the number of shots stated in the respective 
reports, and that only one-half of the pieces of less than 20 cm. 
are fired, and supposing that the efficiency of each shot of the cali- 
bers 32, 30, 28, 25, 20, 16, 15, 14, 12, 10, 17.5, 5.7, 4.7, and 3.7 be 
represented by the figures 328, 270, 220, 156, 80, 41, 33, 27, 17, 
10, 4, 2, and 1, which are the hundredths of the cubes of the 
numbers representing their calibers expressed in centimeters 

(caliber in cm.) 
( 100 
can battle-ships is represented by 43,822, and that of ours by 
29,449; that of the American armored cruisers by 13,550, and 
that of. ours (Colén) by 6,573; that of the American protected 
cruisers by 62,725, and that of ours by 14,600; that of the Amer- 
ican unprotected cruisers by 12,300. Therefore, according to 
these figures, the offensive power of the artillery of the United 
States vessels will be represented by 132,397, and that of ours 
by 50,622, or a little less than two-fifths of the enemy’s. 

“To arrive at this appalling conclusion I have already said that 
it has been necessary to count the Pelayo and Carlos V, which 
probably will not be ready in time; the Lepanto, which surely will 
not be ready, and the Alfonso XIII, whose speed renders her of 
a very doubtful utility. 





), we find that the artillery power of the Ameri- 


IMPOSSIBILITY OF AN OFFENSIVE CAMPAIGN. 


“ Now, to carry out any serious operations in a maritime war, 
the first thing necessary is to secure control of the sea, which can 
only be done by defeating the enemy’s fleet, or rendering them 
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powerless by blockading them in their military ports. Can we do 
this with the United States? It is evident to me that we can not. 
And even if God should grant us a great victory, against what 
may be reasonably expected, where and how would we repair the 
damages sustained? Undoubtedly the port would be Havana, but 
with what resources? I am not aware of the resources existing 
there, but judging by this department, where everything is scarce, 
it is to be assumed that the same condition exists everywhere, and 
that the immediate consequences of the first great naval battle 
would be the enforced inaction of the greater part of our fleet for 
the rest of the campaign, whatever might be the result of that 
great combat. In the meantime the enemy would repair its dam- 
ages inside of its fine rivers, and aided by its powerful industries 
and enormous resources. This lack of industries and stores on 
our part renders it impossible to carry on an offensive campaign. 


“If the control of the sea remains in the hands of our adver- 
saries, they will immediately make themselves masters of any 
unfortified port which they may want in the island of Cuba, count- 
ing, as they do, on the insurgents, and will use them as a base 
for their operations against us. The transportation of troops to 
Cuba would be most difficult and the success very doubtful, and 
the insurrection, without the check of our army, which would 
gradually give way, and with the aid of the Americans, would 
rapidly increase and become more formidable. 

“ These reflections are very sad; but I believe it to be my una- 
voidable duty to set aside all personal considerations and loyally 
to represent to my country the resources which I believe to exist, 
so that, without illusions, it may weigh the considerations for and 
against, and then, through the government of His Majesty, which 
is the country’s legitimate organ, it may pronounce its decision. 
I am sure that this decision will find in all of us energetic, loyal, 
and decided executors. Our motto is ‘ the fulfillment of duty.’” 


More DEFICIENCIES—THE COUNTRY MUST BE TOLD THE TRUTH. 


On February 26 the Admiral wrote the following: 

“When I received yesterday the letter in which, among other 
things, you asked me if the Colén could go out for target practice, 
I answered that the vessel was ready, and at the same time I took 
measures so that the cartridge cases which might be used in that 
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practice should be recharged, but it appears that there is no fur- 
nace in which they can be reannealed, or a machine to reform the 
cartridge cases. The extra charges which the vessel brought (72 
per gun) are therefore useless. 

“TI send to-day the official letter which I announced yesterday. 
Its conclusions are indeed afflicting, but can we afford to cherish 
illusions? Do we not owe to our country not only our life if 
necessary, but the exposition of our beliefs? I am very uneasy 
about this. I ask myself if it is right for me to keep silent, and 
thereby make myself an accomplice in adventures which will 
surely cause the total ruin of Spain. And for what purpose? 
To defend an island which was ours but belongs to us no more, 
because even if we should not lose it by right in the war, we have 
lost it in fact, and with it all our wealth and an enormous number 
of young men, victims of the climate and bullets, in the defense 
of what is now no more than a romantic ideal. Furthermore, I 
believe that this opinion of mine should be known by the Queen, 
and by the whole council of ministers.” 

That this thoughtful and patriotic advice was not favorably 
received by the government is shown by the following letter a few 
days afterwards: 

“ Yesterday I received your letter of the 28th, and I regret very 
much the painful impressions caused by my remarks; but I am 
not surprised, because they are truly sad, and still, perhaps, they 
fall beneath the mark, judging from anything one sees. Just 
now we have another proof of this in the fact that the difficulty of 
obtaining cartridge cases for the Colén arises from the want of 
means (money), and this on the eve, perhaps, of a war against the 
richest nation in the world. I do not wish to dwell too much on 
this point, for no practical result could be obtained. But every 
detail points out either our lack of means or our defective organi- 
zation, and, above all, our utter lack of preparation. 

“TI have deemed it my duty to express my opinions to the 
proper authorities clearly and without beating around the bush. 
Now let orders be given to me; I will carry them out with energy 
and decision. I am ready for the worst.” 


More DaTA REGARDING OUR INFERIORITY—DANGER TO THE 
PHILIPPINES. 


“An examination of our forces,” said the Admiral on March 
25, “ based upon what I already know and upon recent informa- 





THE SPANISH NAVY IN THE LATE WAR. 757 


tion and observation, not only confirms what I said, but shows it 
to be still worse. I have visited the Vitoria, on which I counted, 
and from my visit | have drawn the conviction that we can not 
count on her for the present conflict. Neither does my infor- 
mation permit me to count on the Pelayo, Carlos V, or Numancia. 
And yet, as this opinion is not based upon personal observation, 
I include them in the enclosed statement. Whatever may be the 
direction given to the conflict, either war, negotiations direct, or 
through a third party, an arbitrator or otherwise, the longer the 
decision is delayed the worse it will be for us. If it is war, the 
longer it takes to come the more exhausted we will be. If it is 
negotiation of any kind, the longer it is postponed the greater will 
be the demands, each time more irritating, which will be pre- 
sented by the United States, and to which we will have to yield 
in order to gain time in the vain hope of improving our military 
position. And as our position can not be improved, let us see 
what we can expect from a war under such conditions. 

“Tt would be foolish to deny that what we may reasonably 
expect is defeat, which may be glorious, but all the same, defeat, 
which would cause us to lose the island in the worst possible 
manner. But even supposing an improbability, that is, that we 
should obtain a victory, that would not change the final result of 
the campaign. The enemy would not declare itself defeated, and 
it would be foolish for us to pretend to overcome the United 
States in wealth and production. They would recover easily, 
while we would die of exhaustion, although victorious, and the 
ultimate result would be always a disaster. Only in case we could 
count on some powerful ally could we aspire to obtain a satisfac- 
tory result. 

“ But, besides having to discount the high price to be paid for 
such an alliance, even then we would only be postponing the 
present conflict for a few years, when it would become graver than 
it is to-day, as is the present insurrection in comparison with the 
last. 

“Even admitting the possibility of retaining Cuba, this island 
would cost us enormous sacrifices by the necessity of being con- 
stantly armed to the teeth. And here the problem already pointed 
out by somebody arises: Is the island worth the ruin of Spain? 
(Silvela in Burgos.) I do not speak on the subject of privateer- 
ing, because it seems to me that no man acquainted with history 
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can attach any value to privateering enterprises, which nowadays 
are almost impossible on account of the character of modern 
" vessels. 

“The accompanying statement shows that our forces in the 
Atlantic are approximately one-half of those of the United States, 
both as regards tonnage and artillery power. I have never 
thought of the forces which the United States have in the Pacific 
and Asia in connection with the development of events in the 
West Indies; but I have always considered these forces a great 
danger for the Philippines, which have not even a shadow of a 
resistance to oppose to them. And as regards the American 
coasts of the Pacific, the United States have no anxiety about 
them. I think you are mistaken in believing that during the 
month of April our situation will change. As I have said above, 
I am sure that neither the Carlos V, the Pelayo, the Vitoria, or the 
Numancia will be ready, and nobody knows how we will be as 
regards 14-cm. ammunition. It seems sure that by the end of 
April the 254-mm. guns of the Colén will not be mounted. Even 
if I were mistaken, then our available forces in the West Indies 
would be 49 per cent of that of the Americans in tonnage, and 
47 per cent in artillery. 

“Our only superiority would be in torpedo-boats and de- 
stroyers, provided all of them arrive there in good order. 

“TI do not know exactly what are the sentiments of the people 
concerning Cuba, but I am inclined to believe that the immense 
majority of Spaniards wish for peace above all things. But those 
who so think are the ones who suffer and weep inside of their own 
houses, and do not talk so loud as the minority who profit by the 
continuation of this state of affairs. However, this is a subject 
which it is not for me to analyze. 

“ Our want of means is such that some days ago three men went 
overboard while manning the rail for saluting, through the break- 
ing of an old awning line. A new line had been asked for fifty 
days ago, but it has not yet been replaced. In old times, forty- 
three days after the Hernan Cortes was laid down the vessel was 
at sea. It is now fifty-one days since I requested the changing of 
certain tubes in the boilers of a steam launch of the Teresa, and I 
do not yet know when it will be done. This will probably he the 
proportion between us and the United States in the repair of 
damages, in spite of our having the Havana dock, which is the 
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principal thing, but not all. As for the crews, I do not know 
them, but I may say that the crews that defeated our predecessors 
at Trafalgar had been recruited in the same way. 

“ This is my loyal opinion, and for the sake of the nation, I ex- 
press it to the Government. If it is thought advisable for me to 
express it personally, I am ready to start at the first intimation. 
After I have done this, thus relieving my conscience of a heavy 
weight, I am quite ready to fulfill the comparatively easy duty of 
conducting our forces wherever I may be ordered, being sure that 
all of them will do their duty. 


NortH ATLANTIC SQUADRON. 


SPAIN. 
Protected vessel actually there, or unprotected but with a speed of over 


15 miles: 
Displacement. Artillery. 


ND. é.u cctanns omienb ees aw iiethnaedeeeiaiiiea 7,000 6,130 
Dosen cccececcsenéensonsnenecesnmunnanl 7,000 6,130 . 
Cs 1 SOD ac ocnseccsceeneawenatia 1,064 1,000 


UNITED STATES. 
Same kind of vessels: 








DCI incbetescccndanenetacsesadseneneseuat 8,200 6,400 
A icine wan dhbhtedceeeleaedak hen taaenaledl 10,288 9,304 
NS. .cccushaakdedebeewaebebenwennl 10,288 9,304 
iitinkdans cwsseeseqgbenhe-tieeeianbeessine 6,315 550 
CT Te te en ee 9,271 7,880 
i Sitheberesdas«eeseanconabonsescsheaeeeten 11,410 8,360 
DE .ccodonsceeadbadagvonseteauseesens 2,089 4,100 
IL -.ccvencesestéasSanesedeedcouseeuie 2,089 4,100 
DE Slo ntecdsduceseeedabbintdsscescessade 2,089 4,100 
DY i nshsccuscipecstasheatecesdedeeeusin 3,600 2,806 
To these may be postively added: 65,639 60,904 
SPAIN. 
rr es ee i eanwascnewapeueenen 7,000 6,130 
nD '. «c¢hiddbbendavecoeseoteneebeen 6,840 8,490* 
SS EE Pre ee eee 4,826 4,340 
18,666 18,960 
UNITED STATES. 

MS: .. vocccsccccvakahnnehaeseenenene 7,375 4,790 
ccscccotesesseccenbedbaekeen eee 7,375 4,790 





14,750 9,580 


* Without the 25-cm. guns, the value of which is represented by 1,248. 
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Doubtful additions: 


SPAIN. Displacement Artillery, 
DE  Wadedss tak dhadibevevewssnennucaseueenees 9,917 6,987 
i i Seabehdeteebennessasessacecsiseseeces 9,260 5,620 





19, 167 12,607 


TE ce, =e. Se ee 3,000 4,270 
ire ote Se tal. te cewannhhe 6 3,730 4,570 
DEE UanGuheebanscedéheeoseteseecacocesscese 4,500 4,470 
i el i ee os wbwddewenoecouees 4,008 6,740 
th th itkensheesenasene be neaeseepedsoers 4,324 7,640 
TT Shih caseeeeeneeesnsececkseesedasesdaree 1,485 700 
CE at la SRE hd OL Aveo otek dnd ds be etbebes 1,703 3,320 





22,840 31,710 
In the South Atlantic they have: 


i is ie eae a aie sbnesaeee 4 3,200 4,795 
All the other vessels have very little military value, with the exception of 


the torpedo-boats and destroyers, not mentioned in this statement, includ- 
ing the Katahdin and Vesuvius. 


CERVERA WISHED TO EXPLAIN HIS OPINION TO THE COUNCIL 
OF MINISTERS. 


Admiral Cervera’s already expressed desire to personally inform 
the council of ministers was still more clearly expressed under 
date of March 16. 

“Yesterday I received your favor of the day before, by which 
I see that our opinions agree concerning the conflict which threat- 
ens our unfortunate country. As both of us are animated by the 
best desires, such agreement was sure to come. It also appears 
that the whole government participates in this opinion, but I am 
afraid that there may be some minister who, while believing that 
we are not in favorable conditions, may have been dazzled by the 
names of the vessels appearing in the general statement, and may 
not realize how crushing a disproportion really exists, especially 
if he is not thoroughly aware of our lack of everything that is nec- 
essary for a naval war, such as supplies, ammunition, coal, etc. 
We have nothing at all. If this fear of mine is well founded, I 
think it is of the greatest importance that the whole council of 
ministers without exception be fully and clearly informed of our 
terrible position, so that there may not remain the least doubt that 
the war will simply lead us to a terrible disaster, followed by a 
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humiliating peace and the most frightful ruin; for which reason it 
is necessary not only to avoid the war but to find some solution 
which will render it impossible in the future. If this is not done, 
the more time is spent, the worse will be the final result, whether 
it is peace or war. 

“From this reasoning, as clear as daylight to me, it appears 
that since we can not go to war without meeting with a certain 
and frightful disaster, and since we can not treat directly with the 
United States, whose bad faith is notorious, perhaps there is 
nothing left for us to do but to settle the dispute through arbitra- 
tion or mediation, provided the enemy accepts. However, this 
order of consideration does not come within my sphere of duty, 
which, as the chief of the squadron, is limited to reporting the 
state of military affairs and then carrying out the orders of the 
Government. The latter, however, must be fully informed of the 
situation. Before dropping this subject, I must insist that per- 
haps it would be well for me to verbally inform the members of 
the Cabinet, and to say that I am ready to start at the first inti- 
mation. 

“Concerning the available forces and what may be expected of 
them: I will be very glad if Ansaldo carries out his promise about 
the 254-mm. guns of the Colén. The 14-cm. cartridge cases are 
absolutely necessary. This vessel has only thirty, and it is to be 
supposed that the stores of the Oquendo and Vizcaya are not 
better supplied. For the present the firm is supplying only one 
hundred per week; and supposing that the first ones have already 
arrived or will arrive in Cadiz one of these days, at this rate we 
won't have finished until October. Then they have to be charged, 
therefore they can never be ready in time for the present conflict. 
I thought I would have the first ones by January, and I will not 
have them until April. The engines of the Pelayo are ready, and 
the vessel can sail, but how about the secondary battery and the 
armored redoubt? These will not be ready. If the old battery 
could be mounted! But I doubt it; the ports will not permit it. 
I have heard it said that the crew which brought the Pelayo was 
taken from the Vitoria, which is another proof of our excessive 
poverty. It will be very well if the Carlos V is soon ready, but 
I understand that the 10-cm. battery has not yet been mounted, 
and then the trials are to be made. 

“T never had great confidence in the purchasing of vessels. 

52 
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Too much fuss is made over every detail by ignorant people. It 
was through this that we lost the Garibaldi, and now we have 
lost the Brazilian cruisers. In fact, we have only secured the 
Colén, an excellent ship, but which has not yet arrived, and the 
Valdes. And supposing that we had everything our own way, 
and that Providence should grant us a victory, which is highly 
improbable, we would then find ourselves in the condition ex- 
plained in my last, and which it is not necessary to repeat. It 
only rests for me now to be informed of the destination of the 
fleet. I believe the Teresa ought to be in Cadiz, where the cart- 
ridge cases are to be recharged, and she could sail as all her 
guns were mounted. 

“TI will insist no more, but the voice of my conscience, animated 
by my love for my country, tells me that in saying this I am ful- 
filling my unavoidable duty.” 


CONDITION OF THE FLEET IMMEDIATELY BEFORE THE WAR. 


In the month of April, shortly before the war, Cervera wrote: 

“My fears are realized. The conflict is coming fast upon us; 
and the Colén has not received her big guns; the Carlos V has 
not been delivered, and her 10-cm. artillery is not yet mounted; 
the Pelayo is not ready for want of finishing her redoubt, and, I 
believe, her secondary battery; the Vitoria has no artillery, and of 
the Numancia we had better not speak. 

“ But after all I am glad the end is coming. The country can 
stand this state of affairs no longer, and any arrangement will be 
a good one, however bad it looks, if it comes without our having 
to lament a great disaster, as may happen if we go to war with a 
few half-armed vessels, and without want of means and excess of 
incumbrances.” 

A few days afterwards he wrote: 

“On account of the general anxiety it is very important to 
think of what is to be done, so that, if the case arises, we may act 
rapidly and with some chance of efficiency, and not be groping 
about in the dark, or like Don Quixote, go out to fight windmills 
and come back with broken heads. 

“ Tf our naval forces were superior to those of the United States, 
the question would be an easy one. All we would have to do 
would be to bar their way. But on the contrary our forces are 
very inferior to theirs. To endeavor to bar their way, which 
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could only be done by giving them a decisive naval battle, would 
be the greatest of follies. That would simply mean a sure defeat, 
which would leave us at the mercy of the enemy, who would easily 
take a good position in the Canaries, establish there a base ot 
operations, crush our commerce, and safely bombard our mari- 
time cities. It is therefore absolutely necessary to decide what 
we are going to do, and without disclosing our proposed move- 
ments, be in a position to act when the time comes. 

“This was the substance of my telegram, and my ideas have 
not changed since then. If we are caught without a war plan, 
there will be vacillations and doubts; and, after defeat, there may 
come humiliation and shame.” 

On the eve of the war Cervera justly lamented the lack of a 
plan as follows: 

“T regret very much to have to sail without having agreed upon 
some plan, even in general lines, for which purpose I repeatedly 
requested permission to go to Madrid. From the bulk of the 
telegrams received I think I see that the government persists in 
the idea of sending the little squadron (torpedo-boat flotilla) to 
Cuba. That seems to me a very risky adventure, which may cost 
us very dear, for the loss of our flotilla and the defeat of our 
squadron in the Caribbean Sea entails a great danger for the 
Canaries, and perhaps the bombardment of our coast cities. I 
do not mention the fate of the island of Cuba because I have 
anticipated it long ago. A naval defeat would only precipitate 
its ultimate loss, while if left to defend itself with its present means, 
perhaps it would give the Americans some annoyance. We must 
not deceive ourselves concerning the strength of our fleet. If our 
correspondence of the last two months is looked over it will be 
seen not that I have been a prophet, but that I have fallen short of 
the true mark. Let us not have any illusions as to what we can 
do,” 

The last documents relating to the sailing of the fleet from Cape 
Verde are the most interesting. They show what was the condi- 
tion of the vessels on the 19th of April, the day before the rupture 
of relations. \dmiral Cervera wrote from Saint Vincent, Cape 
Verde: 

“The boilers of the Ariete are practically out of service, so 
that this vessel, instead of being an element of power, is the 
nightmare of the fleet. She could only be used for port defense. 
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The boilers of the Azor are eleven years old, and are of the 
locomotive type. As for the Furor and Terror, their bow plates 
give as soon as they are in a sea way, and some of their frames 
have been broken. The Pluton had an accident of this kind 
when coming from England, and had her bows strengthened at 
Ferrol. 

“I do not know whether the port of San Juan de Puerto Rico 
affords good protection for the fleet. If it does not, and if the 
port of Mayaguez can not be effectively closed, the fleet would be 
in a most unfavorable position. However, before forming a judg- 
ment, I shall await the arrival of the Vizcaya, whose captain, 
Eulate, is thoroughly acquainted with Puerto Rico. I am con- 
stantly preoccupied about the Canaries. It will be necessary to 
close and fortify the port of Graciosa Island, as well as the island 
commanding the port of La Luz in Grand Canary. 

“The idea of sending the fleet to Cuba seems to have been 
abandoned, I believe very wisely. 

“Concerning Puerto Rico, I have often wondered whether it 
would be wise to accumulate there all our forces, and I do not 
think so. If Puerto Rico is faithful, it will not be such an easy 
job for the Yankees; if it is not faithful, it will inevitably follow 
the same fate as Cuba, at least as regards us. 

“On the other hand, I am very much afraid for the Philippines 
and the Canaries, as I have said before; and above all, the possi- 
bility of a bombardment of our coast, which is not impossible, 
considering the audacity of the Yankees, and counting, as they 
do, with four or five vessels of higher speed than our own. For 
all these reasons, I am doubtful as to what it would be best for 
“me to do; and I will not take any decision without the opinion of 
the council of captains, as prescribed by the ordinances. 

“T leave this letter open until to-morrow, in case something 
should happen. 

“T have just now been informed that the Vizcaya and Oquendo 
are in sight. I have had the pleasure of seeing them come in and 
of greeting their captains. The crews are in the best of health 
‘and spirits, but the Vizcaya needs docking badly. During the 
trip from Puerto Rico she burned 200 tons more than the 
‘Oquendo, which means a diminution of her speed of from 3 to 5 
‘knots according to my reckoning, and a diminution of her sphere 
of action of from 25 to 35 per cent, thus losing the advantage of 











THE SPANISH NAVY IN THE LATE WAR. 765 


speed. Both are now coaling, but it is a long job, for, unfor- 
tunately, we do not feel at home here. We are indeed unlucky! ” 


CouNcIL OF WAR OF THE COMMANDERS OF THE FLEET. 


It is well known that before the sailing of the squadron the com- 
manders of the vessels held a council of war on board the Colon, 
on April 21. 

This is what Cervera wrote: 

“The council lasted nearly four hours. The prevailing spirit 
was of the purest discipline, characterized by the high spirit which 
animates the whole fleet, and especially the distinguished com- 
manders, who are an honor to Spain and the navy, and whom it 
is my fortune to have as companions in these critical circum- 
stances. The first and natural desire expressed by all was to gu 
resolutely in quest of the enemy, and to surrender their lives on 
the altar of the mother country; but the vision of this same mother 
country abandoned, insulted, and trod upon by the enemy, proud 
of our defeat—for nothing else can be expected by going to meet 
them on their own ground with our inferior forces—forced them 
to see that such sacrifice would not only be useless but harmful, 
since it would place the mother country in the hands of an inso- 
lent and proud enemy, and God only knows what the conse- 
quences might be. I could see the struggle in their minds 
between these conflicting considerations. All of them loathe the 
idea of not going immediately in search of the enemy, and finish- 
ing once and for all. But, as I said before, the specter of the 
country violated by the enemy rose above all other considera- 
tions, and, inspiring themselves with that courage which consists 
in braving criticism and perhaps the sarcasm and accusations of 
the ignorart masses, which know nothing about war in general 
and naval warfare in particular, and which believe that the Alfonso 
XIII or the Christina can be pitted against the Iowa or Massa- 
chusetts, they expressly and energetically declared that the in- 
terests of the mother country demanded this sacrifice from us. 

“One of the captains had certain scruples about expressing his 
Opinion, saying that he would do what the Government of His 
Majesty should be pleased to order; but as all of us, absolutely all, 
shared these sentiments—it is hardly necessary to say—his 
scruples were soon overcome. Another of the captains, certainly 
not the most enthusiastic, but who may be said to have repre- 
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sented the average opinion prevailing in the council, has written, 
by my order, his ideas, which reflect, better than I could express 
them, the opinions of all. This document exactly expresses the 
opinion which prevailed in the meeting. 

“An act was signed in which it was stated that, having met by 
order of the commander-in-chief and under his presidency, the 
second in command and the captains of the vessels, the president 
submitted to discussion the following point: 

“* Under the present circumstances of the mother country, it is 
expedient that this fleet should go at once to America, or should 
it stay to protect our coasts and the Canaries, and to provide for 
any contingency?’ 

“ Several opinions were exchanged concerning the probable 
consequences of our campaign in the West Indies; the great de- 
ficiencies of our fleet compared with that of the enemy were made 
manifest, as well as the very scanty resources which the islands of 
Cuba and Puerto Rico are able to offer for the purpose of estab- 
lishing a base of operations. In consideration of this, and the 
grave consequences for the nation of a defeat of our fleet in 
Cuba, thus leaving unobstructed the coming of the enemy against 
the Peninsula and adjacent islands, it was unanimously agreed to 
call the attention of the government, by means of a telegram, in 
which the commander-in-chief of the squadron, in agreement with 
the second in command and the commanders of the vessels, sug- 
gested to go to the Canaries. The Ariete—it said—boilers in bad 
condition, those of the Azor very old, Vizcaya needs docking to 
paint bottom if speed is to be maintained. Canaries would be 
protected against a rapid descent of the enemy, and all the forces 
would be in a position, if necessary, promptly to come to the 
defense of the mother country.” 


OPINION OF SENOR CONCAS. 


The opinion of Captain Victor M. Concas, commander of the 
battle-ship Infanta Maria Teresa, concerning the subjects pre- 
sented for discussion by the admiral of the fleet at the council of 
war held on board the Christébal Colén, was as follows: 

“(1) That the naval forces of the United States are so im- 
mensely superior to our own in number and class of vessels, 
armor and artillery, and in preparations made—besides the advan- 
tage given them by the insurrection in Cuba, the possible one in 
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Puerto Rico, and the one still existing in the East—that they have 
sufficient forces to attack us in the West Indies, in the Peninsula 
and adjacent islands, and in the Philippines. That since no 
attention has been paid to that archipelago, which was perhaps 
the most urgent, in order to reduce our vulnerable points, and 
which could have been done with a single battle-ship, to-day any 
division of our limited forces and any separation from the Euro- 
pean seas involves a strategic mistake which would bring war to 
the Peninsula, a frightful disaster to our coasts, the payment of 
large ransoms, and perhaps the loss of some island. As soon as 
this fleet leaves for the West Indies it is evident—as has happened 
already more than once (sic)}—that the American flying squadron 
will sail for Europe; and even if its purpose was only to make a 
raid or a demonstration against our coasts, the just alarm of all 
Spain would cause the enforced return of this fleet, although too 
late to prevent the enemy from reaping the fruits of its easy vic- 
tory. 

“The only three vessels of war remaining for the defense of the 
Peninsula, the Carlos V, the Pelayo, whose repairs are not yet 
finished, and the Alfonso XIII, of very little speed, are not 
enough for the defense of Spain, and in no way for that of the 
Canaries. The yacht Giralda and the steamers Germania and 
Normania are vessels of no fighting qualities and add no strength 
to our navy. 

“(2) The plan of defending the island of Puerto Rico, abandon- 
ing Cuba to its fate, is absolutely impossible, because, if the 
American fleet purposely destroys a city of the last-named island, 
in spite of all the plans of the government upon the subject, and 
even if it should be the maddest thing in the world, the govern- 
ment itself would be forced by public opinion to send this fleet 
against the Americans, under the conditions and at the point the 
latter might choose. 

“ (3) Even deciding upon the defense of Puerto Rico alone, the 
trip across to-day, after the practical declaration of war, without 
a military port where the fleet might reorganize itself on its 
arrival, and without an auxiliary fleet to keep the enemy busy— 
who, I suppose, will make St. Thomas its base of operations—is 
a strategic error the more deplorable because there have been 
months and even years of time to accumulate the necessary forces 
in the West Indies. It seems probable, judging from the infor- 
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mation acquired, that the supplies accumulated at St. Thomas are 
intended by the enemy to establish a base of operations in the 
vicinity of our unprotected Vieques (Vierges). For all these 
reasons the responsibility of the trip must remain entirely with 
the government. 

“ (4) Adding these three battle-ships and the Cristobal Coldén, 
without its big guns, to the two remaining in the Peninsula and 
to the few and old torpedo-boats which we have left, it is pos- 
sible to defend our coast from the Guadiana to Cape Creus, in- 
cluding the Balearic and the Canaries, thanks to the distance of 
the enemy from its base of operations. This defense, however, 
will have to be a very energetic one if the enemy brings its best 
ships to bear on us. 

“(5) It is very regrettable that there are not enough vessels to 
cover all points at one time; but duty and true patriotism compel 
us to clearly express the resources which the country gave us, 
and the necessities which present circumstances bring on the 
country in danger. 

“(6) Lastly, I believe that the military situation should be made 
known to the minister of marine, reiterating our profoundest 
subordination to his orders, and our firm purpose most energeti- 
cally to carry out the plans of operations he may communicate to 
these forces. But after pointing out the probable consequences, 
the responsibility must remain with the government.” 


From CAPE VERDE. 


Finally, on April 22, the Admiral said: 

“It is impossible for me to give an idea of the surprise and 
astonishment experienced by all on the receipt of the order to 
sail. Indeed that surprise is well justified, for nothing can be 
expected of this expedition except the total destruction of the 
fleet or its hasty and demoralizing return; when here in Spain 
it might be the safeguard of the nation. 

“You talk about plans, and in spite of all my efforts to have 
some laid out, as it was wise and prudent, my desires have been 
disappointed. How can it be said that I have been supplied 
with everything I asked for? The Colén has not yet her big 
guns, and I asked for the bad ones if there were no others. The 
14-cm. ammunition, with the exception of about 300 shots, is 
bad. The defective guns of the Vizcaya and Oquendo have not 
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been changed. The cartridge cases of the Colén can not be 
recharged. We have nota single Bustamante torpedo. There is 
no plan or concert, which I so much desired and called for so 
often. The repairs of the servomotors of the Infanta Maria 
Teresa and the Vizcaya were only made after they had left Spain. 
In short, this is already a disaster, and it is to be feared that it 
will be a more frightful one before long. And perhaps everything 
could be changed yet! But I suppose it is too late now for any- 
thing that is not the ruin and the desolation of our country. 

“The Vizcaya can no longer steam, and she is only a boil in 
the body of the fleet. 

“But I insist no more. The act has been done, and I will try 
to find the best way out of this direful enterprise.” 

The following are the last letters we know of: 


“ SAInT VINCENT (CAPE VERDE), April 24, 1808. 

“T have just received the telegram ordering us to start, and I 
have given orders to tranship from the Cadiz to these vessels coal, 
supplies, crews, and the artillery of the destroyers, which was on 
board the Cadiz. 

“T intended to sail without finishing the provisioning of the 
vessels, but since the Cadiz is to stay, I have decided to ship as 
much coal as possible. I will try to sail to-morrow. 

“As the act has been consummated, I will not insist upon my 
opinion of it. May God grant that I be mistaken! You see I 
was right when I said that by the end of April the Pelayo, Carlos 
V, Vitoria, and Numancia would not be finished; the Col6n would 
not have its big guns, unless we took the bad ones, and we would 
not have the new 14-cm. ammunition with which to fight, etc. 

“With an easy conscience I go to the sacrifice, but I can not 
understand that decision of the navy* general officers against my 
Opinions. 

“T have been informed of the sailing of a cargo of coal for 
Puerto Rico, where it is supposed to arrive on the 11th or 12th 


*In a council of eighteen general officers, fourteen voted for the imme- 
diate sailing of Cervera’s fleet from Cape Verde. Generals Gomez, Imaz 
and Lazaga voted against it until the re-enforcement of the fleet by the 
Pelayo, Carlos V, Alfonso XIII and Lepanto and the three destroyers re- 
maining in the Peninsula. Generals Butler and Mozo shared this opinion 
conditionally, subordinating it to the decision of the government. 
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of May, but I am afraid lest it should fall into the hands of the 


, enemy. 


“It is a mistake to suppose that I can accept or avoid a naval 
battle at will. The Vizcaya, on account of her stay in Havana 
and the nine months without cleaning her bottom, is nothing but 
a buoy, and I can not abandon her.” 


OnE TELEGRAM FROM VILLAAMIL. 

“At Sea, May 5, 1808. 
“Dear Juan: To complete our collection of documents, I 
think you should have the inclosed copy of a private telegram from 
Villaamil to Sagasta. I send you this letter by means of two 
destroyers which I am sending to Martinique in search of news. 
All is well on board, and the spirit is excellent. We shall see 
what God has in store for us. The final result is not doubtful, 
but if only we could start with a good lucky stroke! God be 

with us! Good-by. Regards to your folk, etc. 
“ Pascua. ” (Cervera’s first name). 


[Copy of Telegram.] 


Praxepes Sacasta, Madrid: April 22, 1898. 


In view of importance to the country of destination of this 
fleet, I deem it expedient you should know, through a friend who 
does not fear censure, that, while as seamen we are all ready to 
die with honor in the fulfillment of duty, I think it undoubted 
that the sacrifice of these naval forces will be as certain as it will 
be fruitless and useless for the termination of the war, if the 
representations repeatedly made by admiral to minister of marine 
are not taken into consideration. 

F. VILLAAMIL. 
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INTRODUCTORY. 


This able analysis of the main features of the Spanish-American 
war by M. Pliiddemann, Rear-Admiral, German navy, presents 
in a comprehensive form many of the technical deductions of the 
late war. He comments on the high quality and endurance of 
our navy ordnance and on the defective results from the navy 
fuse now in use. 

As regards the question of the importance of the Navy con- 
trolling the transport service, his reference to the landing of the 
army at Daiquiri is instructive. Referring to the want of con- 
trol and discipline on board the merchant steamers chartered as 
transports for service under the Quartermaster’s Department of 
the Army—that control and discipline at sea which foreign mili- 
tary authorities have long since by experience recognized can 
only be obtained through the navy—he states: 


Under these circumstances it is not strange that the landing of the pro- 
visions, guns and ammunition, and the entire equipment, all of which were 
so much needed in this locality, which offered no resources, was effected 
with such slowness that the troops were reduced from the outset to the 
meager rations which each man carried with him. 


RICHARDSON CLOVER, 
Chief Intelligence Officer. 


DECEMBER 21, 18608. 
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MAIN FEATURES OF THE SPANISH-AMERICAN WAR. 


By M. PLUppEMANN, Rear-Admiral, German Navy. 
(Translated from the Marine-Rundschau, November, 1898.) 


While the events of the war just ended show nothing which 
might lead to a radical revolution of present ideas as to rational 
warfare and the use of modern war material, and while no essen- 
tially new appliances have been made use of which might cause 
us to anticipate a change in the floating material or the weapons 
of the sea powers, still the war has enriched former experiences. 
But, on the other hand, it might lead to erroneous conclusions, 
as many good devices did not have a chance to be tested, the 
weakness of the adversary making them superfluous, and others 
not good did not have bad results, because they were counter- 
balanced by the defects and mistakes on the part of the enemy 
or by other favorable circumstances. 

The following is a discussion of the points which are of special 
interest to the naval officer: 


I. BATTLES OF THE FLEET. 


Aside from the moral qualities of the personnel, which consti- 
tute the prerequisite of success, there are five main factors on 
which the result of a battle depends—the construction and equip- 
ment of the ships, the artillery, the torpedo, the ram, and speed. 

The torpedo and the ram have not been used in the late war, 
for the reason that the hostile ships have never come close enough 
to each other. It is claimed, it is true, that two Spanish torpedo- 
boats attempted an attack at Cavite on May 1. But these two 
vessels were so entirely covered by the rapid-fire artillery of the 
Olympia, even at a distance of 2000 meters, that they could only 
save their crews by running zshore as fast as possible. It is 
doubtful whether they were really torpedo-boats. If so, the at- 
tack could only have been made owing to entire inexperience 
with torpedo-boat attacks and complete ignorance of modern 
rapid-fire guns. 

The other two factors, artillery and speed, have proved to be of 
much more essential and indeed of a very powerful effect. The 
superiority of the American artillery as to number, caliber, and 
kind of guns is well known. The general opinion is also that 
the shooting of the Americans was very good, while that of the 
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Spanish was miserable. This was the more essential for the 
Americans at Cavite, owing to the fact that a large number of 
their shells did not explode. If nevertheless they achieved such 
a complete success and caused such destructive fires, it was be- 
cause of the comparatively large number of hits; there were still 
quite a considerable number of shells that did explode. Even 
as early as at the bombardment of San Juan it was discovered 
that many of the shells did not explode; but this fact was most 
noticeable at the naval battle of Cavite. It is true that at the 
end of the battle all the Spanish vessels were under water to the 
upper deck, so that the really mortal injuries could not be veri- 
fied; the parts above water showed a number of hits, and there 
is no reason for the assumption that the ratio of exploded shells 
to that of unexploded ones was essentially different in the lower 
parts. 

The Reina Christina showed ten shots that had gone entirely 
through the vessel; the after smokestack had been torn down by 
the falling of the mainmast; no explosive effect could be noticed. 
However, the whole ship had been burned out, which made 
accurate observation difficult. 

The Castilla showed considerable explosive effects. Th: 
smokestacks and metal bulkheads of the upper deck were pierced 
in different places by fragments and splinters. The conning 
bridge and superstructure deck were completely destroyed and 
torn down. 

On the Don Antonio de Ulloa the masts were pierced in sev- 
eral places; a 5.7-centimeter shot had gone clear through a 12 
centimeter gun shield; the chart house and the starboard side 
aft showed two hits each, in which there had been failure t 
explode. 

The Don Juan de Austria was burned out; effects of firing 
could not be observed. 

On the Marquis del Duero the tube of the 12-centimeter star- 
board gun was bent upward; the cause of this could not be ascer- 
tained. Two shots had pierced the ship’s side. The upper edge 
of the smokestack had been indented by a projectile. No splinter 
effects were noticeable. 

On the General Lezo the demolition of the smokestack was 
apparently due to an explosion. 

The Isla de Cuba showed no injuries. 
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On the Isla de Luzon the 12-centimeter forward gun, with its 
whole pivot and shield, had fallen over backward in firing. Two 
shots (presumably 4-centimeter) had gone through the bow; one 
of the masts had been grazed by a small-caliber shot. The engine 
telegraph and superstructures had been demolished; the helm 
upturned by splinters. 

On the Argos nothing could be observed. 

The Velasco had the foremast pierced and slightly burned, the 
mainmast torn down, and the anchor stock shot off. 

When the American fleet advanced for the attack it was fired 
upon by a battery at Manila. The Olympia answered with two 
shots; both shells were afterwards found unexploded near Luneta. 
The governor’s house at Cavite also showed a shot without 
explosive effect. 

In this respect better results appear to have been achieved at 
Santiago. This may be gathered from the details known, al- 
though the reports refer only in a few instances to the explosive 
effects attained; but even here a number of cases of nonexplosion 
have been noticed on the Spanish ships, as well as the fortifica- 
tions. 

The following table gives some data concerning the hits in the 
naval battle of Santiago: 


AMERICAN GUNS. 


American designation. 
wpdr. 6pdr. 4-in, s-in. 8in. 1x2-in. 13-in. Total, 


Caliber, in centimeters........ 3-7 5-7 10 12.7 20 30 33 
Number of guns on board..... 22 84 6 2 63 6 8 170 
HITS. 

BE TUPGER GS eccescccccocces I 17 I a 2 . 
Almirante Oquendo .......... .. 46 6 3 7 ‘ 62 
tt Minti ecetauheshess oe II 4 6 45 . 
TEE EE 5 2 , 7 

tadebésdccccedncesds I 79 +I IS 55 2 . ey 


This is not quite 1 hit per gun, or, leaving out the 1-pounders, 
which have only a short range of fire, 9 hits to 8 guns. 

The Iowa is the only ship that has 10-centimeter guns, the 
Brooklyn the only one having 12.7-centimeter guns. These data 
can not lay claim to absolute accuracy, owing to the extent of 
the destruction. The calibers of the hits also admit of some 
margin. 
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Special mention should be made of the following points: The 
fallen foremast of the Maria Teresa showed 2 hits; 10 hits from 3 
ships went into the smokestacks. 

On the Almirante Oquendo a 20-centimeter shell went through 
the forward turret roof, exploding, and killing the whole crew in 
the turret. If the turret had had no roof the shell would have 
passed over it. 

The superstructures on the deck of the Vizcaya had been almost 
completely destroyed by the end of the battle. Whether the 
torpedo which lay ready for firing in a bow launching tube was 
detonated by a hostile projectile could not be definitely estab- 
lished. It has also been said that the forward ammunition maga- 
zine had exploded. 

A 20-centimeter shell hit the protective shield of the second 14- 
centimeter gun of the Maria Teresa, exploded in the rear of it 
and killed and mutilated everyone in the vicinity, as did also 
another shell of the same kind which struck the battery deck aft. 
Still farther aft two 30-centimeter shells struck so close together 
that their shot holes were merged into one. Explosive fragments 
from them had torn a hole 4 feet square in the ship on the oppo- 
site side (starboard). 

The Christobal Colon, although having received but seven 
shots, gave up the game, seeing that there was no possibility of 
escape, as even the Oregon and Texas had caught up with her 
after a three hour’s chase. 

In no case has an armor belt been pierced. The greatest de- 
struction comparatively was wrought by the 5.7-centimeter pro- 
jectiles, while the efficacy of the 3.7-centimeter projectiles was 
very small, their range not exceeding 2000 meters. They are 
therefore to be done away with, perhaps a little overhastily, since 
they were constructed primarily as against torpedo-boats and for 
use at comparatively short distances. 

In connection with the hits, a few figures as to the consumption 
of ammunition may be of interest, while the total consumption of 
ammunition is not yet known. Smith, a seaman on board the 
Iowa, fired 135 aimed shots from a 10-centimeter rapid-fire gun 
in fifty minutes. During the same period of time two 5.7-centi- 
meter guns of the same ship fired 440 shots. The Oregon used 
in all 1,775 shells, but 1,670 of this number were used for the 
twenty 5.7-centimeter guns alone (or perhaps only for the ten of 
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one side of the ship), while the four 30-centimeter guns fired 
31 shots. 

The American material has demonstrated not only its efficacy 
but also its durability, as only four guns were in need of repairs 
at the end of the war, in all of which projectiles had burst in the 
bore. This fact, taken in connection with other frequent failures 
of fuses, shows that the construction of the fuse in America is 
still far from perfect. 

It is well known that the extensive fires on board the Spanish 
ships were due principally to the fact that the Spanish had not 
sufficiently considered modern experiences and principles by re- 
moving everything combustible from the ships. One circum- 
stance should be mentioned in this connection which has perhaps 
not been fully appreciated, namely, the danger of wooden decks 
with pitch in the seams. The danger of these decks was still 
further increased in the Spanish siips by the circumstance that 
the planks were not even resting on an iron deck. An iron lin- 
ing excluding the air and being a conductor of heat naturally 
decreases the danger of a fire spreading, though it does not ob- 
viate it, as the splinters of exploding projectiles pierce the deck, 
thereby causing drafts of air from below. On the Maria Teresa, 
Almirante Oquendo, and Vizcaya the upper decks and all the 
woodwork were completely burned, other decks partially. 

The Americans had avoided all combustible material in the 
construction and equipment of their ships; and moreover, special 
orders were given at the beginning of the war that all the ships 
should be examined and everything combustible that might have 
been left or accumulated on board through carelessness should be 
removed. Besides, the Spanish appear to have relied entirely on 
their steam pumps and water mains for extinguishing fires. 
When these had been destroyed or injured by hostile projectiles 
they had no other means to fall back on. Even the most primi- 
tive means for fighting fires, such as fire buckets and tubs filled 
with water, are indispensable in connection with our modern fire- 
extinguishing equipment which is very effective indeed, but also 
very complicated. 

The thick powder smoke sometimes suffocated the Americans 
and almost blinded them. They sought to remedy this by tying 
wet cloths over their heads with small holes cut into them for 
the eyes. Smokeless powder would probably have had still more 
troublesome effects. 
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The range-finders, to which the good-firing results of the 
Americans were often attributed in the beginning, were not of 
much use. Owing to their delicate construction, their usefulness 
was soon impaired. The distances were then estimated from the 
height of the masts of the hostile ships. 

While the Spanish were inferior in every other respect, they 
might have averted the whole sad catastrophe of Santiago by 
preserving and taking advantage of their greater speed, which 
they had shown, at least, at the trial trips of their ships. In this 
respect the Americans were at a great disadvantage from the 
outset. 

The speed of the two armored cruisers, New York and Brook- 
lyn, was superior by 1 knot to that of the Spanish cruisers, but 
these were the only ones; the speed of all the other vessels was 
inferior by from 2% to 5 miles. The American ships, aside from 
previous services required of them—the Oregon, for instance, 
had not reached Key West on her return from San Francisco 
until May 26—had been blockading Santiago for five weeks. Their 
boilers were in constant use and could not be properly cleaned; 
the bottoms of the ships were badly fouled. It is claimed that in 
order to make 11 knots an hour the ships had to use as much coal 
as they required to make 16 knots, when in good condition, and 
even then they could not attain their original speed. The Span- 
ish, on the other hand, had a good opportunity during their six- 
weeks’ stay in Santiago harbor to put their boilers and engines 
in first-class condition and to clean the bottoms of the ships. 

Here, again, the moral qualities of the personnel are of the 
greatest importance. Technical perfection is but an auxiliary in 
warfare—a o which acquires vaiue only by the figure placed be- 
fore it, namely, the mental qualities of the warrior. It is doubt- 
ful, however, whether the Spanish ships ever actually possessed 
the speed officially claimed for them. At trial trips it is easy 
enough to use means by which the efficiency attained appears 
greater on paper than it is in reality, especially if the personnel 
accepting the ship is not of the highest moral and technical 
standing. In any event, the Spanish engine personnel was not 
equal to its task. 

It did not need this war to establish the value of an efficient 
engine personnel for success in war; but the immensity of the 
catastrophes must make it plain even to the most superficial mind 
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that it would be very wrong to deny the importance of the ser- 
vices of the men who give life and motion to the ship by the most 
arduous kind of work simply because they do not handle shell 
and lanyard, but coal shovel and fire hook. The very best of 
human material, strong in body and mind, is the only kind suit- 
able for this work, and a navy should spare neither trouble nor 
expense to secure it. 

On the subject of the efficiency of monitors opinions in United 
States naval circles were much divided at the beginning of the 
war. The North Americans are the only ones who still con- 
tinue to build this type of ship. Little has been heard of their 
services during the war. Two of them went from San Francisco 
to the Philippines, the greater part of the way in tow of their 
colliers. The Monterey, accompanied by the collier Brutus, left 
San Diego, Cal., on June 11 and arrived at Manila on August 4. 
The distance is 7600 miles, 3725 miles of which she was towed. 
Twice she had to touch at anchoring places, namely, at Hawaii 
and Guam. She was towed from the 8th to the 23d of June, 
712 miles; from the 5th to the 22d of July, 2541 miles, and from 
the 25th to the 28th of July, 472 miles; average speed while in 
tow, 6.76 knots. The weather was fine during the whole time, 
with the exception of a slight storm on July 31. The voyage 
took in all two months less seven days. The Monadnock took 
exactly the same length of time, having left San Francisco on 
June 23 and arrived at Manila on August 16. 

These voyages are quite remarkable as far as sea efficiency is 
concerned, but when it comes to war efficiency they had better 
not be relied upon. The confidence in the efficiency of the 
monitor for war purposes has been considerably shaken. Captain 
Mahan, who used to argue in favor of a defensive navy composed 
of monitors, has recently expressed the opinion that the ineff- 
ciency of the monitors had now been proved; that they had been 
a constant impediment to the fleet owing to their lack of speed, 
limited coal capacity, and unstable platforms, which completely 
excluded effective firing ina bombardment. For harbor defenses 
also he prefers land fortifications to monitors. 


II. BOMBARDMENTS. 


What might be the results of a serious battle between armor- 
clads and coast forts the war has not demonstrated. The Ameri- 
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cans in these instances have never gone close enough to make it 
possible to note decisive results on either side of the belligerents. 
They should not be blamed for this. If they could obtain their 
object without taking greater risks, it would have been a mistake 
to take such risks, and they certainly did attain their object. The 
great injuries, however, which the Americans claimed to have 
inflicted at different times have subsequently proved to be exag- 
gerations and delusions. Even at target practice we believe only 
reluctantly the statements of “too short” or “too far” made by 
an observer favorably stationed. The claims that the forts had 
been silenced, which would presuppose that the guns had been 
dismounted, were also founded on delusion. 

There is no doubt that the Americans had better guns than the 
Spanish in their land batteries and could fire at distances which 
the Spanish guns could not reach. When this was recognized 
ashore and the firing stopped, the ships thought they had silenced 
the batteries. It has therefore been demonstrated that the ships 
were unable to seriously injure the land fortifications at great 
distances. After all the bombardments of Santiago there was 
but one gun dismounted in each of the batteries at the Morro and 
the Socapa. It has not been demonstrated whether with equal 
armaments and skill in firing on the part of the Spanish the ships 
would not have seriously suffered. Still less has it been demon- 
strated what the relative situation of the belligerent parties would 
have been if shorter distances had been chosen. 

The employment of torpedo-boats for bombardments, as at 
Cardenas, must be designated as entirely unsuitable. Torpedo- 
boats are expensive and delicate vessels, equipped for launching 
torpedoes and for great speed. Their guns are intended to be 
used only in extreme cases. When the torpedo weapons can not 
be used their other principal quality, speed, in connection with 
the circumstance that they draw little water, may be utilized for 
the transmission of orders and information; but bombardments, 
even in narrow and shallow waters, had better be left to the 
most primitive gunboats, etc.; they can do better work and are 
less expensive, but can never take the place of a disabled torpedo- 
boat. 

The so-called dynamite cruiser, Vesuvius, was a failure. Her 
projectiles can be fired only at medium and short distances, and 
cannot be aimed. The terrible effects claimed for hits can not 
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be considered as counterbalancing this. It is true that an acci- 
dental hit may cause great havoc, but in this age of accurate 
firearms we should no longer reckon with such uncertain factors. 
The Americans have utilized the vessel accordingly. They used 
to send her at night against the coast defenses, counting on acci- 
dental hits, while the vessel, protected by the darkness, did not 
betray her presence by any flash at the discharge nor by smoke 
or detonation. Nothing has been heard of any particular result. 
No attempt was made to carry out the idea, so much talked of 
at first, of destroying the mine obstructions by systematic bom- 
bardments of the harbor entrance. In order to do this it would 
have been necessary for the vessel to approach the shore in day- 
time, when she would have been exposed to the very dangerous 
fire of the coast forts, and a systematic bombardment could hardly 
be spoken of in view of the uncertainty of a fire. 

The Americans consider this vessel a failure, as also the ram 
Katahdin, which, aside from four rapid-fire guns, has no other 
weapons but her ram. 


III. Coast DEFENSE. 


Some obstructions by means of vessels and mines were laid out 
by both belligerents, but have not come into play. The Spanish 
had attempted to close the entrance of San Juan Harbor in Porto 
Rico and that of the Pasig River at Manila by sunken vessels. 
In the latter case it was the opinion of German officers that it did 
not constitute a military obstruction, although it interfered con- 
siderably with the movements of shipping. 

The two mines which were blown up in front of the Olympia at 
the beginning of the battle of Cavite were not intended as a regu- 
lar obstruction of the channel, but represented ony a small mine 
field for vessels that might accidentally pass over them. They 
were fired prematurely. 

In the entrance of Guantanamo Bay the Americans found quite 
a number of mines. These might have caused considerable 
damage if they had operated, for the Americans entered the bay 
without any precautionary measures, and the screws of the Mar- 
blehead tore two of the mines loose from their anchorages so that 
they rose to the surface of the water. Then the whole bay was 
systematically searched for mines. This was done on June 21 
by the boats of the Marblehead and Newark. Four steam 
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launches, under the fire of Spanish infantry hiding on the shore, 
fished up thirteen mines on the first day with light chains they 
were towing. The ships, of course, fired on the hostile position, 
which was soon abandoned. During the next few days thirty- 
five more mines were found and taken ashore. These proved to 
be charged with 120 pounds of gun-cotton each. Many of them 
showed evidences of having been in contact with ships’ bottoms 
or screws, but the firing mechanism was not capable of operating. 
The fuses showed such grave defects that it was quite evident 
that the work of constructing them had not been done under the 
supervision of a superior. 

The mines raised in Santiago Harbor after the surrender of 
the place proved on the whole to be in better condition. Still, 
the outer row containing contact mines was of doubtful value. 
One mine was found, for instance, in which half of the gun-cotton 
had been burned, leaving no doubt that it had been in contact 
with some object—probably the Merrimac—and that the fuse had 
acted, but that the gun-cotton charge had become spoiled. 

The second row of mines (electric) was in pretty good condi- 
tion and might easily have destroyed one or more ships if an 
attempt had been made to force the entrance. These latter mines 
contained a charge of 200 pounds of gun-cotton each. All the 
mines in Guantanamo as well as Santiago Bay were thickly over- 
grown with barnacles and seaweeds. 

As a curiosity, it may be mentioned that lightning struck an 
American mine in the lower Mississippi and exploded it, and that 
several mines in the Potomac were exploded by lightning at a 
few seconds’ interval without causing any disturbance in the rest 
of the mine system. They blew up exactly as it was intended 
that they should be blown up in war. 


IV. BLOcKADES AND CRUISER WARFARE. 


Both of these were applied by the belligerents in the mildest 
possible form. Spain can hardly be considered in this connec- 
tion. She could do no blockading, and it is somewhat doubtful 
whether it was quite voluntarily that she abstained from captur- 
ing hostile merchantmen. The Americans were enabled to main- 
tain quite an effective blockade on the coasts, which they desig- 
nated as blockaded, by means of the large number of yachts and 
other steamers which they had incorporated into their navy as 
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auxiliary vessels, while their large ships were giving their atten- 
tion to the hostile naval forces. 

It can hardly be said that the Americans carried on systemati- 
cally any destructive warfare as against Spanish merchantmen. 
Those they did capture almost ran into their hands, so to speak. 
This was especially the case at the beginning of the war, mostly 
with vessels which, owing to the usual Spanish carelessness, had 
received no warning of the fact that hostilities were about to 
break out. This was even the case with the Spanish gunboat 
Callao in the Philippines. Still a few prizes may be mentioned 
which were captured while making a direct attempt to run the 
blockade, also a few cases where vessels were chased till they 
ran ashore, while a few fast Spanish vessels succeeded in running 
the blockade. But neither the successful nor the unsuccessful 
attempts at running the blockade were of much importance. 

A number of neutral vessels were also captured, but nearly all 
of them were released again, for the American Government, in 
adjudicating their cases, showed a liberality which was quite un- 
heard of in former naval wars and which probably had a politi- 
cal background. About thirty vessels in all were considered 
good prizes. 

As the United States as well as Spain have refrained from priva- 
teering, although they were the very countries which reserved 
that right at the time of the Paris declaration, it may be assumed 
that privateering is definitely at an end. 

During the blockade of Santiago the harbor entrance was at 
night kept constantly under the light of the projector of some 
ship designated for the duty and boats were stationed at intervals 
between the other vessels and the shore, so that any attempt of 
the Spanish ships to go out might at once be perceived. It has 
been commented upon that the ship so illuminating the harbor 
entrance was hardly ever fired upon by the fortification works. 
It would seem as though telegraphically connected observation 
stations at the Morro and Socapa could have ascertained the 
exact distance of the troublesome watcher and made her work, 
if not entirely impossible, yet extremely difficult by firing upon 
her. 

V. LANDINGS. 


The landing of the Americans at Daiquiri is the largest landing 
effected since that of the western powers at Balaklava in the 
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Crimean war. Yet the total forces landed did not exceed 15,000 
men, embarked in fifty-three steamers. It took a long time be- 
fore the troops were ready to start, for everything required for an 
army and a landing had first to be procured. When the expedi- 
tion finally did start it was found that a great deal had been over- 
looked or was incomplete, or had been lost in the chaos, or could 
not be secured. For instance, no cavalry horses—except for one 
troop—could be taken along because there had not been time to 
fit out the vessels for the reception of horses. The voyage and 
the landing were effected in the most beautiful weather; the 
Americans had good luck, as they always did. The forces were 
landed unmolested. 

The disembarkation was effected almost entirely at a small 
landing bridge where but two boats could go alongside at a time. 
Attempts to have boats run ashore on the small sandy beach, at 
one end of which was the bridge, had to be abandoned after the 
loss of several boats, which were wrecked in the surf on the pro- 
jecting rocks and stones. The report that the United States war- 
ships had first fired on the open strip of land back of the landing 
place and routed the Spanish should not be taken literally. No 
such open strip of land exists there. The rocks reach close to 
the sea, offering hundreds of sheltered places from which the 
bridge might have been fired upon. Authorities in military mat- 
ters state that 300 men, though they might not have been able 
to prevent the landing entirely, could have caused great losses. 
But on this occasion, as on so many others, the Spanish showed 
that they had no appreciation of military situations, and as soon 
as the bombardment commenced they retreated. They need not 
have paid much attention to the Cubans. The Spanish ought to 
have known that now that the Americans had arrived the Cubans 
would avoid danger even more than before. 

With the landing of the army all operations on the part of th« 
Americans ceased for a while. In spite of the most exhaustive 
use of all the boats and auxiliaries of the warships, including the 
armor-clads guarding the entrance to Santiago Harbor, it took 
several days before the field guns and luggage could be brought 
ashore, to say nothing of the siege guns. It was found that there 
ought to have been many more lighters, especially such as are 
equipped with lifting apparatus. There was only one of these— 
a second one had disappeared during the voyage. There were no 
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devices for landing horses and mules which were intended for 
drawing the guns. The animals were hoisted overboard, and it 
was taken for granted that they would swim ashore. But in a 
number of instances this did not happen. Many of the fright- 
ened and bewildered animals swam out to sea and were drowned. 
As all the boats were being used in the landing and were crowd- 
ing each other for hours at the landing place, there was none 
available to go after the mules and lead them in the right direc- 
tion. The few men in charge of landing the animals had all 
they could do to get those that swam ashore out of the surf and 
in safety. About 50 animals perished. 

There was lack of management generally. No one in author- 
ity had been appointed commander of the landing place. The 
commander-in-chief, General Shafter, did not trouble himself 
about the landing. Admiral Sampson had only made arrange- 
ments as far as the warships and their boats were concerned. 
The only landing bridge was but partly covered with loose boards, 
No material nor tools were at hand to build other bridges, and 
little attention was given to the one bridge in existence, as is 
evidenced by the fact that three weeks later the loose boards were 
still loose. 

The conditions at Siboney, where part of the troops and sup- 
plies were landed a little later, were quite similar, except that 
there was no bridge at all. But in calm weather a few boats could 
be run ashore side by side. No bridge was built here for the 
landing of the voluminous luggage. 

The relations between the military authorities and the officers 
of the transport steamers had not been regulated. The latter 
had only their own advantage and that of the ships’ owners in 
view, and did not pay the least attention to the wishes and plans 
of the officers of the troops. The greater part of the time they 
kept at a distance of from 3 to 20 miles from the shore, to make 
sure not to go too near or to get into collision with other vessels, 
and if at times they did assist in unloading their cargoes, they 
would return to the sea as fast as possible as soon as fire was 
opened ashore, often taking with them the most indispensable 
articles of the army equipment. An American reporter even 
calls them insolent, un-American, mutinous cowards. The army 
authorities were unprepared and powerless before such conduct 
on the part of the officers of the transports. Under these cir- 
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cumstances it is not strange that the landing of the provisions, 
guns, and ammunition, and the entire equipment, all of which 
were so much needed in this locality, which offered no resources, 
was effected with such slowness that the troops were reduced from 
the outset to the meager rations which each man carried with 
him, and where these had been thrown away, as had been done 
in many instances in order to lighten the weight, the soldiers 
suffered hunger. 


VI. CoALInG. 


The late war will give a new impulse to the important question 
of supplying coal. Ships and fleets carrying on war in a region 
where they do not have available bases of supplies and coal 
depots in their immediate vicinity, or whenever they are not 
certain that there may not be occasion for their having to leave 
such region temporarily, should have their own colliers along. 
The colliers should have the same speed as the squadron. The 
ships should not be compelled to rely on rendezvous or the un- 
certainty of colliers sent after them. But not only should care 
be taken to have a sufficient supply of coal, but also to provide 
appliances for taking coal on board under all circumstances in 
the shortest possible time. The lack of such appliances has con- 
tributed not a little to the disasters of the Spanish. The coaling 
of Admiral Camara’s ships at Port Said was nothing but a com- 
edy. Admiral Cervera intended to coal rapidly at Santiago and 
proceed. But the appliances for that purpose proved so defec- 
tive that the United States fleet had shut him up in the harbor 
before he could finish coaling, which operation took several days. 
At present not many ships are being built with that end in view, 
nor are they being equipped with appliances for coaling in the 
shortest possible time. This will be absolutely necessary in 
future, so that the ships may be enabled to take on coal or other 
fuel either from a wharf or from a lighter or collier at sea. 


VII. AuxILIARyY WARSHIPS. 


What can be done with money and a practical mind in the 
matter of securing naval war material the Americans have done 
since the war cloud first appeared on the horizon. It is true that 
the purchase of foreign warships before the beginning of the 
war proved almost a failure. The United States bought the fol- 
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lowing Brazilian warships: The protected cruiser Amazonas, of 
3.450 tons, afterwards called the New Orleans; the protected 
cruiser Almirante Abreu, same size, afterwards called the Albany, 
and the cruiser Nictheroy, of 7,080 tons, afterwards called the 
Buffalo, which, aside from her good rapid-fire armament, had a 
38-centimeter dynamite gun; from other sources, the cruiser 
Diogenes, of 1,800 tons, renamed the Popeka, and a torpedo- 
boat purchased in Germany, called the Somers. The only ones 
of these that were assigned to the active fleet were the Topeka 
and the New Orleans. The Albany and the torpedo-boat Somers, 
which were still in England after the breaking out of the war, 
were not allowed to leave there on account of England’s neutral- 
ity. The Buffalo did not leave the navy-yard during the war. 
The United States had better luck with the merchant steamers 
they purchased and converted into auxiliary cruisers and gun- 
boats. 

They bought 60 yachts and other steamers as auxiliary gun- 
boats and scouts, 4 large fast ocean steamers as auxiliary cruisers, 
II tugs, subsequently armed. The following were chartered: 
Four large ocean steamers as auxiliary cruisers. Placed in com- 
mission: Fourteen revenue cutters as auxiliary gunboats and 
scouts. In all, 93 steamers for warlike actions, more or less 
armed and fitted out for that purpose. 

There were also purchased as adjuncts of the fleet 20 transport 
vessels, 9 colliers, 1 repair ship, 2 water-distilling ships, 2 ice- 
manufacturing ships, 3 hospital ships; in all, 37. This does not 
include the temporarily chartered steamers for the larger troop 
transports. 

The large auxiliary cruisers were also occasionally utilized for 
the rapid transportation of troops. The auxiliary gunboats were 
indispensable for the blockade of the extensive stretch of the 
coast. The names of several of these, even of tugs, have been 
specially mentioned in several of the battles. A few of the auxil- 
iary vessels, as, for instance, the St. Louis and the Zafiro, were 
equipped with special “evices for dragging for cables, which they 
have used with good success. 

As for the adjuncts of the fleet, the distilling ships were in- 
tended especially to furnish fresh water to the blockading auxil- 
iary vessels and the transports of the landing army. As most of 
these vessels had inadequate distilling apparatus, some of them 
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none at all, this was necessary, so that they might not be com- 
pelled to leave the blockade for the purpose of renewing their 
water supply. The repair ship Vulcan was also equipped with 
a powerful distilling apparatus. 

The ice-manufacturing ships supplied the vessels not equipped 
with ice machines, also the hospitals of the invading army of 
Cuba. The object of the other adjuncts of the fleet is self- 
evident. 

The repair ship Vulcan has proved extremely useful, even in- 
dispensable for the blockading fleet at Santiago. She supplied 
31 vessels with extra engine parts, material, and tools. Twenty- 
six vessels were repaired, and a number of repairs were also made 
on guns and their equipments. The Vulcan also rendered im- 
portant services in connection with the raising of the Maria 
Teresa and is now doing the greater part of the work in tempor- 
arily repairing said ship for the purpose of transferring her to 
one of the United States navy-yards. 

How important it is to own transports specially fitted out for 
the transportation of troops and war material has been demon- 
strated in this war, though principally by the lack of vessels equip- 
ped for such service. Of the transports purchased during the 
war, the Navy Department intends to retain 16, which are to be 
refitted for service as regular marine transports, namely, the 
Panama, Port Victor, Rita, Mohawk, Mobile, Massachusetts, 
Manitoba, Minnewaska, Mississippi, Michigan, Roumania, 
Obdam, Berlin, Chester, and Britannia, employed on the Atlantic 
ocean, and one on the Pacific coast. During the war they were 
used not only for the transportation of troops, but also for sup- 
plying provisions and material. 

It would have been very desirable to have had even more of 
these. The blockading fleet, for instance, complained of the 
very defective mail service, as also of the fact that, although it was 
comparatively but a short distance to the United States ports, so 
few fresh provisions were received, which circumstance impaired 
the health of the troops. 

Vessels built for special purposes are in times of peace, at ma- 
neuvers, stepchildren of the Navy; they are considered expensive 
and troublesome adjuncts which have to be taken into considera- 
tion in maneuvers and impede their rapid execution; and yet how 
useful they are and how much relief they are able to furnish in 
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actual war! Whenever mobilizations show that there is not a 
sufficient number of suitable merchant steamers which would be 
unquestionably at the disposal of the Navy at the beginning of a 
war, provision should be made to have vessels set apart which 
can be easily equipped for such purposes, and, if necessary, to 
own and keep in constant readiness a number of such special ves- 
sels even in time of peace. 





The next number of the Institute Proceedings, issued the 
last of March, will contain the following articles : 


THE ST. LOUIS AS AN ARMY TRANSPORT. 
By her Commanding Officer, Captain C. F. Goodrich, U. S. Navy. 


THE LAST NAVAL ENGAGEMENT OF THE WAR. 
By Lieutenant W. F. Halsey, U. S. Navy. 


THE COAST SIGNAL SERVICE. 


By Lieutenant F. B. Anderson, New York Naval Militia, who was on the 
Board to organize the Service. 


SOME EXPERIENCES ON A TUG BOAT DURING THE WAR. 
By Ensign W. S. Crosley, U. S. Navy. 


SEAVEY’S ISLAND PRISON AND ITS ESTABLISHMENT. 


By Paymaster J. P. Loomis, U. S. Navy, who was the moving spirit in 
establishing and maintaining the prison from the 
Commissary’s standpoint. 


THE HYGIENE OF THE NAVY RATION. 
By Surgeon H. G. Beyer, U. S. Navy. 


RANGE OR DIRECTION INDICATOR. 
By Lieutenant Armistead Rust, U. S. Navy. 





Beginning with the next number the binding of the In- 
stitute Proceedings will be changed to a more attractive form. 

Throughout the year articles and discussions on the war 
will appear, and it is the intention to get the best papers. 

It is the desire of the Board of Control to increase the 
interest of the Service and the public in the Institute and its 
work. 


To this end the aid of the members and friends is solicited. 
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RUSSIAN VIEWS OF OUR WAR. 


Admiral MaKarorFr’s Views of the Lessons of Santiago. 


Rety on Your GuNS—NEVER SACRIFICE ARTILLERY TO ARMOR—THE 
Sworp ALWAYS MIGHTIER THAN THE SHIELD—A Victory ExXactTs 
THE SAME CONDITIONS ON LAND AND SEA. 


(From the St. Petersburg Kotline.) 


The destruction of Cervera’s ships at Santiago has again brought to the 
front the question, Should the principal force of a fleet consist in armored 
or unarmored vessels? If under the name of cruisers are classed vessels 
of light artillery intended to prey upon the commerce of the enemy, the 
only possible answer is that armored vessels are preferable to cruisers. 
An enemy never considers himself beaten because his commercial fleet is 
captured. For each ton of armor from four to five tons displacement 
will be necessary. Consequently a ship carrying an armor of 2000 tons 
would require a displacement of 600 or 800 tons more than that of an 
unarmored cruiser having the same speed and radius of action. Conse- 
quently, battleships must always be large, while the dimensions of un- 
armored cruisers may vary all the way down to those of torpedo boats. 
There is no advantage in making unarmored vessels very large, because 
it is, of course, impossible to utilize all their displacement for their artil- 
lery. They must have powerful machines and must carry an enormous 
supply of coal. It would not be difficult to construct an unarmored 
vessel of 3000 tons, carrying one gun of 25 centimetres and five guns of 
15 centimetres, and having a speed of twenty-one or twenty-two knots, 
with the machinery, the boilers and the magazines sufficiently protected. 
But, if we are asked which is the more powerful as a unit in combat, a 
battleship of 15,000 tons or an unarmored vessel of 3000 tons, the reply, 
of course, must be in favor of the armored ship. If, on the other hand, 
the question is whether it is more advantageous, for a determined sum, 
to build one warship of 15,000 tons or four armored vessels of 3000 
tons, the answer can no longer be in favor of the battle-ship. 

All the writers who have dealt with this question, with the exception 
of Lieut. Engleman, have pronounced for the battle-ship. 

Now, let us look at the lessons that we can derive from the battle of 
Santiago. We find there that the two adversaries were supplied with 
armor and modern guns of both heavy and light calibre. In reality there 
is not a line of demarcation well traced out between the cruiser and the 
battle-ship. The Iowa and the other Armerican ships are called battle- 
ships, but they possess only a limited supply of armor plates, the thick- 
ness of which at the water-line is 355 millimetres, and a surface protec- 
tion of 186 feet. Three of the Spanish cruisers, the Infanta Maria Teresa 
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and two others of the same type, had armor of 305 millimetres in thick- 
ness at the water-line and 315 feet of surface, but of less width than that 
of the American ships. Upon these cruisers the barbettes, armed with 
cannon of 21 centimetres, were protected by a cuirasse of 255 millimetres, 
The Iowa, with a displacement of 4500 tons more than the Spanish cruis- 
ers, also had her guns protected, but by an armor of only 100 to 200 milli- 
metres, an utterly insufficient protection against the projectiles of cannon 
of 28 centimetres. 

The cruiser Cristobal Colon had an armor of the recent type, protect- 
ing nearly three-fourths of her surface and sheltering even her small guns. 
Her displacement, it is true, was only 7000 tons, utilized for the most part 
by her armor; that is to say, the artillery was sacrificed for the sake of 
the armor. Nevertheless, the Cristobal Colon had two Armstrong guns 
of 25 centimetres and forty calibres in length and of the most recent 
type. Her projectiles should have pierced the armor of the American 
vessels in ordinary conditions of combat. 

Each one of the two parties engaged, therefore, was provided with 
armor, and with guns sufficiently powerful ta pierce it. The extent of 
the unprotected surfaces was greater on the American side. The Ameri- 
cans had a numerical superiority. Nevertheless, the victory might have 
gone to the other side or, at all events, have been dearly bought by the 
victor. If, in the battle of Santiago, the Spanish projectiles did not strike 
the American fleet, it is not to the armor that the latter should attribute 
its victory, but to the accuracy of its fire, and the quality and order of its 
shots. 

We do not know if the Spanish ships practiced firing much in time of 
peace, but after all, that sort of practice is nothing compared to what is 
had in actual warfare. The journals which every day gave us accounts 
of the bombardment of Spanish forts by Admiral Sampson and Commo- 
dore Schley were silent. upon the operations of the artillery of Admiral 
Cervera. 

From a moral point of view the two fleets were diametrically opposed. 
The Americans were seeking a combat and had entire confidence in their 
artillery. The Spaniards, under the pressure of orders from Madrid, came 
out of Santiago with the absolute certainty of meeting the disaster that 
awaited them. In this passive rdéle they could only count upon their 
armor and their speed. The speed did not come up to the power of the 
machines on account of the poor quality of the coal and the growth that 
covered the immersed portions of the vessels, and, perhaps, also to the 
inexperience of the machinists. There remained, therefore, only the 
armor, which inspires so much confidence in the minds of so many people 
and is supposed to protect a vessel, leaving out all other elements, material 
or moral. There was no reason why that protection should not exist in 
the battle of Santiago; nevertheless it was not sufficient for the Spanish 
fleet. 

At Lissa the armor did not prevent the Re d'Italia from sinking or 
the Palestro from blowing up. At the battle of Yalu it did not save the 
Chinese fleet; neither did it prevent the Chinese cruisers from being sunk 
by the Japanese torpedo-boats at Wei Hai Wei. 

We are, therefore, brought to the conclusion that in a naval battle it 
is better to rely upon the strength of the weapon rather than upon the 
solidity of the shield. Put more artillery and torpedoes on board your 
battle-ships, arm them with solid rams (éperons) and reject the idea of pro- 
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tecting them with armor, because that does not assure the victory; it 
only retards the defeat. Such a small result does not warrant the con- 
struction of vessels overloaded with armor. 


(From the Invalide Russe.) 


In our opinion Admiral Makaroff clearly explains the fundamental cause 
of the Spanish disasters on sea and presents sound views of what should 
be expected from modern fleets. It never enters into the minds of lands- 
men when dealing with a military engagement to seek the causes of de- 
feat in the thickness or the height of the earthworks of one or the other 
of the two adversaries. We know that the decisive attack is prepared by 
an intense and accurate infantry and artillery fire, and that the exigencies 
of victory require a thorough preparation for a hand-to-hand fight. Al- 
though the armor of warships, sheltering their vital parts, is of far more 
importance than the intrenchments of land forces, a naval combat exacts 
the same material means of attack and the same moral qualities as a 
land battle. On land the preparation depends especially upon the in- 
fantry fire; on sea, of course, the artillery plays the principal part, and 
the intensity of the shock is measured by the distance between the fighting 
vessels. 

Consequently a powerful artillery with trained gunners is the principal 
essential, to which must be added sufficient speed to approach the enemy 
or avoid the combat. Of course there should be a reasonable protection 
against the projectiles of the enemy. To present these conditions in 
another order, that is to say, to sacrifice the artillery or the speed to the 
ewirasse, is simply to disarm and invite destruction. Armor rarely saved 
a fleet, and it never gave one a victory. The last naval wars have proved 
this conclusively. The victory belongs to the attacking party on sea as 
on land.—New York Sun. 





LESSONS FROM THE BATTLE OF SANTIAGO. 


Since we discussed the information received as to the facts of the de- 
struction of the Spanish cruisers by the American fleet, fuller accounts 
have come to hand. We may especially mention the official diagrams of 
hits made on the Spanish vessels, given in the Scientific American of Sep- 
tember roth, and the accounts of two correspondents who were eye-wit- 
nesses of the fight, one from the deck of the Brooklyn and the other 
from that of the New York, published in McClure’s Magazine for Sep- 
tember. These we do not propose to review in any sense, although 
we are making use of information obtained from them in forming the 
conclusions which we think are to be drawn from the character and occur- 
rences of the fight. 

First, a few words as to the actual conditions of action. The corre- 
spondent on board the Brooklyn was probably exactly in the best posi- 
tion to see and report the progress of the engagement. We may remind 
our readers that the Spanish ships steamed out of the harbor towards the 
west in succession, passing the west end of a line of United States men- 
of-war blockading the harbor. The Brooklyn, lying at the west end, was 
thus best placed to pursue the Spanish ships, both because she had some 
start as to her position, and also because she had the highest speed of 
any ship in both fleets. Mr. Graham’s account is spirited and graphic, 
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though here and there rather too florid for professional readers. No 
naval officer, for example, could accept the statement that “ the situation 
for the Brooklyn now seemed desperate,” because the Spanish cruisers 
were running towards her. She had the overpowering strength of the 
United States fleet with her. She had, no doubt, to avoid exposing her- 
self to being rammed, which she apparently very easily did by turning 
her head to starboard, so as to circle round with her stern towards them. 
She fired one broadside from her port guns, but she necessarily lost 
ground in going to meet the Spanish ships, who must have gained on her 
as she circled. Certainly the United States fleet got under weigh with 
admirable promptness; but we must pass on to our discussion of the effect 
of the fire as a whole, and the lessons to be drawn from it. The curious 
fact is to be noticed in passing that the Spanish ships, whose object was 
to escape, and who would certainly have benefited by smoke to conceal 
them, used smokeless powder; while the United States ships, who were 
endeavoring to pour in as accurate and rapid a fire as possible, were much 
hindered by the fact that they had not smokeless powder. No doubt the 
evil was modified by the speed at which the ships were running, and it 
appears that officers were sent aloft on board the Brooklyn to tell the 
gunners the effect of their shooting. Probably the smoke would scarcely 
reach this height before it was left behind. Yet the directions seem to 
have been of a very general character, and the statement that “ every shot 
is telling,” while encouraging, was only correct if it referred to every 
shot that hit, for the large number that we know missed could hardly 
tell even morally on an enemy that was running from the Brooklyn; most 
properly so running, for it is absolute nonsense to talk as if the Spanish 
cruisers could do otherwise. When truth forbids us from crediting them 
with anything else, we must allow that the Spanish made a gallant at- 
tempt to get their ships out, and gave their lives lavishly to effect it. 
To get an idea of the circumstances of the firing, we cannot do better 
than follow the account of Mr. Graham, on board the Brooklyn. Appar- 
ently the enemy next appeared as a dark mass through the smoke, and, 
after coming round, the Brooklyn attacked first the Maria Teresa and 
then the Vizcaya—generally from about a mile and a quarter to a mile 
and three-quarters range—till she turned in and ran ashore, and lastly 
the Brooklyn gave chase to the Colon, who had managed to show speed 
enough to have gained a lead of over three miles. The Brooklyn was 
only able to make 17 knots, because she had been unable to couple her 
forward engines, so that the Colon, who had the advantage of getting up 
her steam deliberately, ought to have escaped, had she been in fair order. 
To come, however, to the gunnery of the Spanish ships, the Maria Te- 
resa and Oquendo, with no heavy guns, and only ordinary 5.5-inch guns, 
never had a chance of successfully running the gauntlet of the heavy 
battle-ships Texas, Iowa, and Indiana, which fired on them, though they 
had not the speed required to follow the cruisers far. The Oregon, in- 
deed, was able to keep up well throughout. The Vizcaya for a time had 
mainly the Brooklyn to deal with her. Mr. Graham writes as if the 
Vizcaya ought to have been more than a match for the Brooklyn. She 
certainly had thicker armor, especially at her belt, but this could not 
prevent her other parts being destroyed by the greater fire of the latter. 
Had all the guns been complete, the Brooklyn's entire energy of fire 
per minute is about 192,032 foot-tons, against 179,203 of the Vizcaya. 
Probably the Brooklyn could bring to bear three of her four 8-inch, and 
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half of her twelve quick-fire 5-inch guns, giving an energy of 111,012 
foot-tons per minute, against 107,625 foot-tons delivered by the Vizcaya’s 
two 11-inch guns, and half of her ten quick-fire 5.5-inch guns. We fear, 
however, that the Vizcaya’s heavy guns were non-existing, so she had 
only 71,580 foot-tons energy of fire, and, as a matter of fact, seems to 
have been able to deliver very little effective fire at all, partly from bad 
gunnery, and partly, perhaps, owing to injuries received in passing the 
slow battle-ships. Under these conditions the Brooklyn would be able 
to man all her light unprotected quick-fire guns, which we have not 
taken into account hitherto because men could hardly live at them in 
close action. Consequently the Vizcaya would be subject to all the Brook- 
lyn could do, and in about twelve minutes the Oregon joined in and 
destruction rapidly followed, so that in six minutes she ran ashore 
hopelessly on fire. She had received five 8-inch, seven 5-inch, four 4-inch, 
and thirteen 6-pounder shells in all. The story of the Vizcaya is more 
or less that of all the Spanish cruisers, except the Colon, whose 6-inch 
plate protection to her upper structure and general condition put her in 
a very different position, and ought to have secured her escape had her 
speed been kept up. Their vital parts were protected by their belts, but 
they were destroyed by fire and wholesale cutting to pieces of their sec- 
ondary parts and crews. This was effected mainly by the quick-fire guns, 
but few heavy gun projectiles going home, the above-mentioned 8-inch 
shells being the best performance. Apparently, the most important ele- 
ments for success in a running fight, such as took place, are, first, speed; 
secondly, gun power; thirdly, power of resisting conflagration. The first 
requires little comment. It is a question of actual speed obtained in trial 
and of keeping the engines and bottoms of the ships in order. It is well 
to note that the notorious Huascar was eventually caught up and dis- 
abled only by cleaning the bottom of the Cochrane, and securing the 
slight superiority in speed that enabled the Blanco and Cochrane to over- 
haul the Huascar. We might indeed alter the old proverb, “ For want of 
a nail the shoe was lost, for want of a shoe the horse was lost, and so 
the rider and kingdom,” to read, for want of a cleaning the three knots 
were lost, for want of three knots the cruisers were lost. On the other 
hand, in virtue of a clean bottom some years ago Captain Kane was just 
able to withstand the wind that drove other ships on shore, and get his 
vessel safe out of Samoa Harbor. On the importance of our first point, 
then, namely, good engines and clean bottoms, we must all be fully con- 
vinced, 

The second point is efficient fire. This seems to be best delivered in 
the form of heavy quick fire; that is, the fire of quick-fire guns mounted 
behind medium armor. This we have long insisted on. Leaving the 
question of conflagration till the last, so far as gun-fire was concerned, 
the Spanish gunners might have stood to their guns had they been in 
6-inch casemates, for the American 5-inch quick-fire guns could not by 
any possibility have perforated them. As to the question of accurate 
shooting, whatever was the exact proportion of rounds that took effect, 
it is clear that the American officers found that they had considerable 
opportunity of testing their powers of shooting and improving it, in 
Spite of some casualties, as they went on. We read, for example, of 
George Ellis deliberately measuring and recording the range in an ex- 
posed position, and his head being instantly afterwards carried away by 
a shot. The measure of success attained may have fallen short of what 











796 PROFESSIONAL NOTES. 


we should hope from results of practice-firing; but however this may be, 
it is quite clear that accurate shooting was very desirable, and that the 
relative positions of any two ships engaged depended greatly on it. 

Lastly, as to the incendiary action of the shell, this is a newer and more 
important point. Constructed as the Spanish cruisers were, primary 
attack of vitals was very difficult, and was not attained at all, we think. 
Secondary attack by quick-fire common shells practically settled the 
matter. How far is this of general application? Had the Spanish ships 
been built like the Germans, without wood anywhere, they could not 
have been set on fire. Are not the Germans right, and ought we not 
follow the same line? We specially have no doubt to keep in view the 
habitable character of our ships; but does not this action show us that 
wood must at all costs be given up? It seems strange that wood should 
burn as it does. We might explode loose powder on the floor of a room 
without setting it on fire. The fact is that a bursting shell drives large 
lumps of burning explosive into the wood, and once there, water would 
probably fail to extinguish it, seeing that it has its own oxygen incor- 
porated in it in a solid form, and would burn freely under water. It seems 
hardly possible for a ship containing much wood to escape fire, especially 
under quck-fire attack, for a 6-inch or 5-inch shell would set a vessel on 
fire nearly as well as a larger projectile. Are we then to depend only 
on quick-fire? We think not altogether, for we can conceive the case of 
two ships blowing each other’s secondary parts to pieces to a great extent, 
and yet remaining intact as to their vital or primary parts. Once this 
action is pushed far, it is clear that the vessel which perforates the other's 
thick armor best is likely to carry the day. Naturally, however, different 
classes of ships have their special functions. It is interesting to turn to 
existing types to see how they would have acquitted themselves at San- 
tiago. The Esmeralda would, we think, have found the very work she 
is suited for. Her very high speed would have carried her rapidly away, 
and her tremendous fire would have made her very ugly to approach. On 
the other hand, we have repeatedly condemned the light pieces carried 
by the New York. It is curious that she should just have missed the 
opportunity of showing her powers.—The Engineer. 


THE LIFE OF NAVAL ORDNANCE. 


WasHIncTon, November 7, 1898.—The Navy Department has received 
reports from nearly all the war vessels which took active part either in 
the battles or the bombardments of the Spanish-American war. These re- 
ports show in detail the number of rounds fired from every gun on board, 
from 1-pound rapid-fires up to the big 13-inch rifles, and the Ordnance 
Bureau experts have examined them with much interest to note the con- 
dition of the guns before and after firing in order to estimate the probable 
deterioration resulting from the war service. The department officials 
are disposed to treat the figures of the reports as confidential military in- 
formation not to be made public, but Captain O’Niel, chief of the Ord- 
nance Bureau, and Professor Alger, ordnance expert and mathematician, 
have given the correspondent of The Iron Age some interesting informa- 
tion concerning the condition of the guns and the severity of the tests 
to which they were put during the war. In this connection Captain 
O’Niel said: 
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“Our reports show that our ordnance, from the smallest guns to the 
largest calibres, developed the highest degree of efficiency and little if 
any deterioration. I speak especially of the large calibre guns when I say 
that no evidence whatever has been found that the ordnance has devel- 
oped any weakness. So far as I am advised not a single gun has shown 
any bad effects from the firing tests to which so many of them were sub- 
jected, and there has not been even a suggestion of drooping muzzles or 
other evidences of structural weakness. We have at no time expected 
that the severest tests would cause the muzzles of our long rifles to droop, 
as we have had every confidence that the guns were manufactured on cor- 
rect principles. A drooping muzzle indicates, to my mind, poor con- 
struction based on a faulty principle. The British navy experienced some 
difficulty of this sort several years ago with a special class of guns that 
lacked the stiffness that should be possessed by first-class weapons, but 
the drooping of the muzzles of the guns referred to was due entirely to 
poor construction and improper design, and not to the result of firing 
more rounds than the guns should properly stand. We are much pleased 
with the manner in which our ordnance behaved, and believe that a great 
majority of our guns came out of the war in as satisfactory a condition 
as they entered it.” 

Professor Alger, who has gone into the subject in closer detail than 
Captain O’Niel, sad: “ With the exception of the small rapid-fire guns, 
our navy rifles were not fired a sufficient number of rounds to weaken 
well-constructed ordnance. Even on the ships which took part in the 
bombardments the big rifles were fired only a few times, comparatively, 
and their total service during the war did not constitute any great pro- 
portion of the life of the modern high power gun of large calibre. While 
there is considerable difference of opinion on the point, I think it is safe 
to say that such a weapon as a 13-inch rifle, as they are constructed for 
our navy, may be fired from 250 to 400 rounds without showing any de- 
terioration. Even then the gun does not become structurally weak. The 
first defect noted is the effect of the erosion of the tube near the base 
caused by the action of the powder gases. Sometimes this effect is seen 
in the erosion of a considerable area in the tube, which ultimately seri- 
ously affects the velocity and accuracy. When first developed at the base 
of the shell it can be remedied by using a larger metallic ring on the 
shell to secure a more accurate fit to the tube, but in some cases the 
erosion is so serious and affects such an area of the tube as to make the 
gun useless. Even then, it should be remembered, the gun can be re- 
tubed, although the process is somewhat difficult and expensive. If this 
operation is resorted to, however, I do not see why the life of the gun 
cannot be prolonged indefinitely. I believe the theory has been pre- 
sented in the past that the constant firing of a gun tended to crystallize 
the metal composing it, thereby rendering it liable to burst. I do not 
think that modern ordnance experts give any serious consideration to 
this theory, which seems to have no basis in fact. 

“With regard to the small rapid-fire guns which went through the war, 
I am quite prepared to learn that a considerable number of them are nearly 
worn out. Guns like 1, 2 and 3-pound rapid-fires are likely to show 
serious erosion after firing 2000 rounds, and wherever such service has 
been approximated we would be disposed to examine the gun with con- 
siderable care. In firing such a gun the first serious effect of erosion 
would be noted in the ‘tumbling’ of the shell, which would be quite 
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apparent when the gun was fired. The life of a gun in which nitro-glycer- 
ine powder was used would be necessarily shorter than that in which 
gun-cotton was employed. We have not yet received sufficient data to 
determine the extent to which the rapid-fire guns approximated the theo- 
retical limit of their efficiency, but I do not think that any very large 
proportion of them have suffered from the war service.” 

The ordnance experts are all disposed to make light of the suggestion 
that the Spanish artillerists kept up frequent firing from the shore in 
the hope of inducing the American commanders to “ wear out their guns” 
in useless bombardment, thereby rendering them inefficient when brought 
into play in a naval engagement. “The Spanish,” said Captain O’Nie, 
“did not have ammunition to waste in any such experiment as that sug- 
gested, and I think it fair to say they knew too much of ordnance to 
believe that our guns could be so easily rendered ineffective. W. L. C— 
The Iron Age. 


THE FRENCH NAVAL ESTIMATES. 


M. Lockroy has apparently fallen in with the views of experts who 
argue that the only way of combating England with success is to build 
light and swift cruisers which will be able to wage war upon the carrying 
trade, and thus reduce this country to inaction by destroying commerce, 
for in the list of new vessels which he proposes adding to the French 
navy, he has comprised specimens which will no doubt satisfy every 
theorist who has his own ideas on the matter. The list includes seven 
battle-ships, thirteen cruisers, six station cruisers, two cruisers of a new 
type that are evidently intended to serve as scouts—the utility of which 
is being severely criticised in some quarters—one aviso, two gunboats, 
one transport, eight submarine boats, twelve torpedo-destroyers, one sea- 
going torpedo-boat, ten squadron torpedo-boats, thirty-nine first-class 
torpedo-boats, and six small torpedo-boats. Of these vessels thirty-seven 
will be built in the State dock-yards, and the rest in private yards. Six- 
teen of the ships in the list are either practically complete or will be at 
the beginning of next year—that is to say, the battle-ships Charle- 
magne and Gaulois, the first-class station cruiser Guichen, the second- 
class cruiser Protet, the aviso Kersaint, which has been on the stocks so 
many years that it is now thoroughly out of date; the destroyers, Dunois 
and Durandal, the sea-going torpedo-boat Cyclone, which has recently 
exceeded thirty knots in its trials at Cherbourg, and nine first-class tor- 
pedo-boats. Of the remaining seventy-two vessels, forty-four are either 
on the stocks or will be by the end of the year. In his statement, M. 
Lockroy says that both the Saint-Louis and the D’Entrecasteaux will be 
completed in 1899; but, as a matter of fact, the latter vessel is already 
completing its armament, and will start for the Chinese seas very shortly. 
The other ships to be fiuished next year are the first-class cruiser Chateau- 
renault, the third-class cruisers D’Estrées and Infernet, eight destroyers, 
a gunboat, the submarine boat Morse, seventeen first-class torpedo-boats, 
and six small torpedo-boats. The vessels to be completed in 1900 are the 
battle-ships Henry IV. and the Iéna, the first-class cruiser Jurien-de-la- 
Graviére, a gunboat, a submarine boat, and six squadron torpedo-boats. 
In 1901 are to be terminated the battle-ship Suffren, the protected cruisers 
Jeanne d’Arc, Dupetit-Thouars, Condé, Montcalm, Desaix, and Kléber; 
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and in the following year it is announced that the cruisers Gueydon, 
Gloire, Dupleix, and Sully, will be ready to take the sea. The number of 
vessels to be put on the stocks in 1899 is twenty-eight, including a battle- 
ship, of which the drawings have not even yet been completed, and it is 
doubtiul even whether a definite type has been decided upon; two pro- 
tected cruisers of the Gloire and Sully class, two estafette cruisers, two 
destroyers, six submarine boats, four squadron torpedo-boats, and eleven 
first-class torpedo-boats. The cruisers of the Gloire class will have a 
displacement of 10,014 tons, with a length over all of 138 metres, and a 
beam of 20.20 metres, and will be propelled by three screws. The speed 
is to be 21 knots. Carrying 1590 tons of coal, they will have a range of 
action of 1940 miles at the maximum speed, and of 10,400 miles at 10 
knots. They will have two 194-mm. guns, eight of 164.7-mm., six of 
1oo0-mm., eighteen of 47-mm., six of 37-mm., and two of 65-mm. The 
estimated cost of these two vessels is 21,715,641f. and 23,573,500f., the 
difference being due apparently to the fact that one will be constructed 
in the State yards and the other by a private firm. The two estafette 
cruisers, which are of an entirely new type, will have a length of 120 
metres, a beam of 13.60 metres, and a displacement of 4000 tons. They 
will have water-tube boilers, and the engines will develop 15,000 horse- 
power. The estimated maximum speed is 23 knots. They will have 
eight guns of 100-mm., twelve of 47-mm., and four of 37-mm., all quick- 
firing. The estimated cost is 8,766,468f. and 8,731,518f. respectively. It 
will be remarked that the submarine torpedo-boats of the type of the 
Narval, now building at Cherbourg, figure prominently in the estimates, 
and it appears as if the French Marine have a good deal of confidence 
in the efficiency of this class of vessel. The six boats to be constructed 
will have a displacement of 106 tons. They will be propelled by engines 
of 217 horse-power, and the estimated speed is 12 knots. They will have 
no other armament but four torpedo-tubes. The cost of each boat is 
648,050. The grant M. Lockroy has asked for to cover the year 1899 is 
304,078,400f., a matter of 17,000,000f. more than for the present year.—The 
Engineer. 


SHIPS OF WAR. 


[ENGLAND. ] 


H. M. S. ARGonavrtT. 


The trials of H.M.S. Argonaut, which commenced on the 25th of Nov., 
came to a satisfactory termination on the 8th inst. The engines of this 
ship are similar to those of H.M.S. Diadem, of which an illustration was 
given in a recent issue. The boilers are of the Belleville type, with 
economizers. The full working pressure is 300-lb. per square inch in the 
boilers, reduced to 250-lb. per square inch at the engines. The trials con- 
sisted of a series of two of thirty hours at 3600 indicated horse-power, one 
of thirty hours at ‘13,500 indicated horse-power, and one of eight hours 
at full power—18,000 indicated horse-power. The second thirty-hour 
trial at 3600 indicated horse-power was run to confirm the records ob- 
tained from the first trial. The following is a tabulated statement of the 
results of the trials: 
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First 30 hours Second 30 hours 30 hours at 8 hours at 
at 36001.H.P. at 36001.H.P. 13,5001.H.P. 18,0001.H_ Pp, 
Draught of water: 


SE Wiews Con cue eeceucus 24ft.3in. 24ft.3in. 24ft.3in.  24ft. 3in, 
ae eee er 26it. 3in. 26ft.3in.  26ft.3in.  26it. 3in, 
BOUT, BOND ccccccccccccceeses 12.5 13.3 19.5 20.8 
Steam pressure in boilers, Ib. 
ar MWh sccksavecetecese 226 258 Various 293 
Air pressure in stokeholds, in. 
DE ET h acenebbedaddenacns -- — — 21 
Vacuum: 
DT tivcivh edesuskbenne 24.8 25.8 26.7 25.9 
i Jhivduwudneitedéseaneuee 25.4 26.2 26.5 25.4 
Revolutions per minute: 
ET dived bauudesekeew ess 74.4 75.5 115.7 128.8 
Pf eect weandGheneenes 74.8 76.3 116.3 128.0 
Mean I.H.P.: 
Se, SEE ddebendtviadse 585 613 21690 2801 
SEE cncccancctvssecese 568 57 2138 2869 
Intermediate, starboard ...... 470 527 1688 2413 
Intermediate, port ........... 4606 586 1769 2510 
Forward, low, starboard...... 413 379 1482 1988 
Forward, low, port........... 385 381 1308 192! 
Ee. TR, GRID ONIE. cosh eccces 444 403 1683 2319 
in Pics eccveescncces 425 356 1488 1983 
DY £c stvadgnsuneeuas 3750 3815 13,815 18,804 
Consumption of coal, lb. per 
DL: cvsivnbbassecteeawes 2.13 2.02 1.6 1.62 


Throughout the trials hand-picked Welsh coal was used. Experimental 
trials were made throughout the series, which showed the evaporation in 
pounds of water per pound of coal to vary from 10 at low power to I1.2 
at full power. At no portion of the trials was there the slightest diffi- 
culty, and the Fairfield Company is to be congratulated on the successful 
results of the trials of this powerful addition to the Royal Navy.—The 
Engineer. 


H. M. S. ForMIDABLE. 


H.M.S. Formidable, launched at Portsmouth on Nov. 17th, is a sister 
ship to the Implacable, building at Devenport, and the Irresistible, build- 
ing at Chatham. These vessels, which are described as improved Majes- 
tics, were designed by Sir William White, Director of Naval Construc- 
tion. The new ships are to ft. longer than the Majestic, which enables 
the draught to be reduced by 9 inches without affecting the fighting quali- 
ties; the displacement, indeed, is 15,000 tons instead of 14,900 tons. The 
leading dimensions are as follows: Length between perpendiculars, 400 
ft.; beam, 75 ft.; displacement, 15,000 tons; mean draught, 26 ft. 9 in.; in- 
dicated horse-power, 15,000; coal capacity, 2100 tons; speed, 18 knots; 
armament, four 12-in. guns, twelve 6-in. quick-firers, sixteen 12-pounder 
quick-firers, two 12-pounder 8-cwt. (boat guns), twelve 3-pounder quick- 
firers, eight Maxims. On a less draught the Formidable carries a greater 
store of coal, 2100 tons against 1850 tons, and though there is no differ- 
ence in the weight of armament many improvements in rapidity of fire 
will be introduced. The Formidable will be propelled by twin screws, 
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each screw being actuated by a set of triple-expansion engines of 7500 in- 
dicated horse-power. Steam will be supplied by 20 Belleville water-tube 
boilers, working at a pressure of 300 lbs. to the square inch, but the pres- 
sure will be reduced at the engines to 250 Ibs. At the prescribed draught 
the ship will carry only 900 tons of coal, but a special feature of this type 
of vessel, according to the Times, is that the lower bunkers can be coaled 
independently of the upper bunkers. The side armor, which is treated by 
the improved Harveyed process, will be 9 in. in thickness, 15 ft. in depth, 
and 216 ft. in length, thus providing a belt for 54 per cent. of the ship’s 
side. The armor bulkheads, varying in thickness from 9g in. to 12 in., 
will be so fitted as to join the ends of the side armor, forming a com- 
plete belt round the vital parts of the ship. There are two protective 
decks, the principal one being of the turtle-back shape, and the armor will 
rest upon it at its connection in the shell-plating. It will be 2-in. plating 
on the flat portion, and 3-in. on the slopes and at the after end. The 
12-in. guns will be protected by an 8-in. shield, and the machinery for 
working the guns will be protected by a 12-in. circular armored redoubt. 
For the auxiliary armament the Vickers 6-in. quick-firing gun has been 
adopted, eight being mounted on the main deck and four on the upper 
deck. Four of these can be fired right forward and four right aft. Each 
6-in. gun will be enclosed in a casemate of Harveyed steel, and the am- 
munition will be sent up through an armored tube, being thus under pro- 
tection from the time it leaves the magazine. Eight of the 12-pounder 
quick-firing guns will be carried on the main deck, and the other eight 
on the upper deck, the 3-pounders being carried in the fighting tops. 
There will be four 18-in. submerged torpedo-tubes, two being fitted for- 
ward and two aft. In order to obviate any serious injury arising from the 
use of the ram, which is a steel casting weighing more than 30 tons, the 
sides forward are partly covered with a 2-in. nickel plating in addition to 
the ordinary skin plating, this stiffening extending from the ram to the 
belt. If employed as a flagship the Formidable will have a complement 
of 789 officers and men. She will be fitted with two steel masts, each with 
a military or fighting top, and with a searchlight platform on the main 
top-mast. A long-distance semaphore for signalling at sea will be fitted, 
the semaphore being about 160 ft. above the level of water-line. The 
masts are provided with three derricks, two forward and one on the main- 
mast, and these derricks, which are primarily for hoisting out the boats, 
will be of great utility when coaling. The boats include four steamboats 
—two 56 ft. in length, and two 40 ft. in length—and 14 sailing and row- 
ing boats, ranging from a 42-ft. sailing launch to a small dinghy. The 
two larger boats are capable of steaming about 13.5 knots, and are fitted 
with torpedo-dropping apparatus. They can also act as scouts whilst the 
parent ship is in harbor. Three independent sets of dynamos and en- 
gines are required to light the ship, work the electric motor fans, and for 
the searchlights. Every compartment except the double bottom will be 
efficiently lighted by incandescent lamps, and Colomb’s lights will be 
fitted for use when the dynamos are not running. Ventilation will be 
secured by the use of motor fans outside the engine and boiler-room 
spaces and by steam fans in these rooms. There will also be a complete 
installation of electric bells, voice pipes, and loud-speaking telephones at 
important places. She will be engined by Earle’s Shipbuilding Com- 
pany. Though a 15,000-ton ship, the Formidable will displace only 4500 
tons when launched.—Engineering. 
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BRAMBLE. 


The gunboat Bramble was launched on the 26th of Nov. from the yard 
of Messrs. W. H. Potter and Sons at Liverpool. She is one of four ves- 
sels of the Thistle class, two of which are being built by Messrs. Potter, 
and two on the Clyde, the first of which was described fully on page 
563 ante. The Bramble’s length between perpendiculars is 180 ft., and 
over all 187 ft. 6 in., with 33 ft. beam. At loaded draught of 8 ft. she will 
have a displacement of 710 tons. She is armed with two 4-in. quick-fir. 
ing guns, one on the forecastle, and the other on the main deck aft; two 
12-pounder quick-firing guns, one on each bow, under the forecastle, and 
a similar gun on each side amidships. She is also fitted with ten .45-in. 
Maxims, three on each side of the vessel on the main deck and two in 
each of the two military fighting tops. Accommodation is provided for 
officers and crew of 70. She has two sets of triple-expansion engines with 
an indicated horse-power of 1300.—Engineering. 


[ FRANCE. ]} 


FRENCH BATTLESHIP “CHARLES MARTEL.”’ 


We publish on page 556 a general view of the first-class French battle- 
ship Charles Martel, and on our two-page plate a section of her main 
engines, which were constructed by Messrs. Schneider and Co., of Creu- 
sot. Further views will be given in a future issue. The Charles Martel 
was built in 1893, and the following are some particulars of this fine 
vessel: 


EL Acinh eh Cuber eu tene ones ecesee dundee cee 120 m. (393 ft. 7 in.) 
i cette teeeete awateterdweeeeeetene 22 m. ( 72 ft. 2 in.) 
ti wet cchennes ceedesndes G646 04 8.40 m. ( 27 ft. 6 in.) 
i didiinadan ib Weecunesesdeke mies 11,882 tons. 
OID ccc ccddvcneceessvess 13,500 
ESS ee ere 18 knots. 
ED iindennebde covcesscncesee 2 
Ee ee ee ere 800 tons. 
Armor: 
itt ctbietihithbekedendheptadenae tans 450 mm. (17.72 in.) 
Di Ahidhetk Ket bhetsundendnékecenennsss 370 mm. (14.57 in.) 
Ree ee a 70 mm. ( 2.76 in.) 
Armament: 


Two 305 mm. (12.01 in.); two 274 mm. (10.78 in.); eight 14 cent. 
(5.51 in.) q.-f.; four 65 mm. (2.56 in.) q.-f.; sixteen 47 mm. (1.85 
in.) q.-f.; eight 37 mm. (1.46 in.) q.-f. 


The main engines of the Charles Martel are illustrated by our two-page 
plate; they are vertical, with three cylinders, triple-expansion, of equal 
power, driving twin screws. The principal dimensions of the engines are 
the following: 


Diameter of high-pressure cylinder....... 1.130 metre ( 44% in.) 
Diameter of mean-pressure cylinder....... 1.700 metre ( 66}% in.) 
Diameter of low-pressure cylinder......... 2.680 metre (105% in.) 


tt pc iictieecakesteed veendaseeee 1.100 metre ( 437; in.) 
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Each engine is provided with a condensing plant, consisting of a 
wrought-brass tubular condenser, three vertical single-acting air pumps, 
and one centrifugal circulating pump. The pumps are worked by a sepa- 
rate engine. The high-pressure slide valves are cylindrical, the mean and 
low-pressure ones are of the flat type and are balanced. All the slide 
valves are governed by link motion. The reversing gear can be worked 
by hand or steam-power. The pistons are of cast steel and are conical in 
shape. The foundation plates which carry the crankshaft bearings are 
of cast steel; the columns on which the cylinders are supported are of 
forged steel. All the crankshafts, intermediate, and propeller shafts are 
hollow, and of forged steel; the propellers are of special bronze, with 
blades fitted on. Each engine-room is provided with two ventilators, one 
for delivering fresh air in the engine-room, and one for exhausting the 
hot air. The condensed water delivered by the air pumps of each engine 
is collected in a tank provided with filters, whence it is delivered again 
into the boilers. Special evaporators serve for producing fresh water to 
make good the loss. There are 24 boilers of the Lagrafel and d’Allest 
type, as prescribed for this battle-ship, placed in four stokeholds; the 
boilers being connected with two funnels. 


Registered steam pressure..............0: 15 kilos. (213.3.lb. 
per sq. in.) 
SE MND GOED, cccccccescocesezccneceaces 95.20 sq. m.(1024.8 sq.ft.) 
Total heating surface including that not cov- 
OT sceccubenvece ct ceteusnenuns 3000 sq. m. (32,292 sq. ft.) 


The boilers are fed by eight Thirion pumps, worked by separate en- 
gines. The ventilation of the stokeholds and the forced draught are pro- 
vided for by eight fans. 

The maximum total power prescribed was 13,500 horse-power, at 95 
revolutions, with a maximum steam pressure of 12 kilogrammes (170.7 
Ib. per square inch) in the steam chest. The trials gave the following 
results: 


Duration of trial, hours............ 6 6 4 24 6 
Number of engines working....... 2 2 2 2 2 
Number of boilers working........ 8 16 24 24 24 
Average revolutions .............. 52.4 70.5 97 87.5 92.7 
Total horse-power ..........e.e00. 2186 5545 14,031 9800 12,620 
Coal consumption per horse-power 
i Ce... cccenneneenel 0.762 0.624 0.7906 0.753 0.736 
Coal consumption per horse-power 
rr re ree 1.68 1.38 1.76 1.67 1.63 
—Engineering. 


THe Frencu BatTLe-sHie Bouvet. 


The Bouvet, which is an improved Charles Martel, which again is an 
improved Jauréguiberry, is the largest and finest ironclad at present in 
the French navy. She was laid down in January, 1893, launched in April, 
1896, and completed for sea early in this present year. 

The armament comprises two 1I2-in. guns in turrets for and aft; 
two 27-centimetre—io.8-in. exactly—in turrets, one on either beam; 
eight 6-in. quick-firers, in eight separate turrets; eight 4-in. quick- 
firers, disposed upon the upper deck behind shields of hardened 
steel; twelve 3-pounder quick-firers; and twenty I-pounder quick-firers. 
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There are three above-water and two submerged torpedo-tubes—one of 
the former in the stern. The 12-in. guns are 40 calibres long and 46 
tons in weight. The velocity is very high, 2625 both for these and for 
the 27-centimetre guns, consequently excellent shooting is made with 
them. The 27-centimetre guns are 45 calibres in length. The nominal 
muzzle energies are respectively 30,750 foot-tons and 22,750 foot-tons, 
Both sorts are in the first rank of armor-piercing guns, and have a pene- 
tration equal to most armor afloat at near range. Roughly, the actual 
service penetrations at 2000 yards may be put at 24-in. and 18-in. of iron 
respectively. We have in the plan adopted the naval war game system of 
gun and armor notation. By this all guns and armor are reduced to a 
single-lettered approximation based on what, roughly, the gun can pene- 
trate with armor-piercing shot at 2000 yards, the index letter to the armor 
signifying that it is proof against any gun of an inferior letter. Thus 6 ar- 
mor must be attacked by a B or A gun. For hasty reference this system 
is convenient, and presumably approaches the actual sufficiently nearly 
for practical purposes. 

The armor of the Bouvet is distributed as follows: A complete belt, 
the top of which is on the water-line 16-in. to 8-in. Creusot steel, which 
is equivalent to Harvey armor in resisting power. Behind this belt is a 
3¥%4-in. deck, curved like that of the Majestic, which gives a further re- 
sisting value equal to about 12-in. vertical iron armor. Consequently the 
engines have a protection altogether equivalent to vertical iron armor 
44-in. thick or more. Fven the gun tables allow this as muzzle penetra- 
tion to very few guns, in actual practice we may safely say nothing 
could possibly get through it. Fairly safely, too, we may call this exces- 
sive protection a waste of armor that could better have been placed else- 
where. Below, again, is a splinter deck. Above this thick belt, covering 
up to the base of the main deck forward and to a similar height under 
the amidship turret nest, elsewhere about 3 ft. above the water-line, on a 
level with the top of the armor-deck, is a thin belt 4-in. thick. This belt 
is incomplete, stopping some 50-ft. from the stern in the Bouvet, though 
the other ships of the class have it complete. 

The big gun turrets have 14%-in. armor. Their bases are unprotected, 
but the hoists are about 4-in. thick—the exact thickness of these is doubt- 
ful. The turrets revuive around these hoists. The weak point of the 
design is the havoc a big shell would wreak bursting anywhere under 
these turrets. The small turrets and their hoists are all 4-in. thick—sus- 
ceptible to 6-in. solid shot—a weak point again. The shields for the 4-in. 
guns are about 2-in. thick of special hardened steel. There are three con- 
ning towers, one at the base of each mast and one abaft the after funnel; 
all have about 10-in. of armor. Melenite shell are carried for all guns 
of 4-in. and over in the Bouvet. 

The target she offers is very big. It is very problematical how the 
4-in. guns would fare in action. The illustrations indicate clearly the 
positions of the guns. A weak point in the Bouvet, which French critics 
draw attention to, is the amidship west of turrets. There seems a strong 
chance that one single shell, of no very large calibre, bursting under the 
central turret would jam all three. On the other hand, the ship's fighting 
position is at an angle, and in such case the base of the big upper turret 
is well enough protected by its smaller companions. 

The Bouvet has three sets of triple-expansion engines, each actuating 
a screw. The boilers are of the Belleville type. The ship has done so 
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many trials that it is difficult to select any one result as her “ trial speed,” 
a mean of 18 knots has been frequently obtained. The twenty-four hours’ 
trial, at sea with the ship at her proper displacement, produced from 17 
to 17.5 knots. This is very good, indeed. Our only battle-ship able to 
equal it is the Renown, which has lately been cruising at 17 knots; but the 
Renown, with her inferior big guns, would not stand a very good chance 
against the Bouvet: she would be powerless, that is, against the French- 
man’s armor, while her own would be liable to penetration at 4000 or 
even 5000 yards. On the other hand, the Bouvet is ill-adapted to stand 
shell fire. Like nearly all French ships, the Bouvet could not be sunk 
by gun-fire, but shell might wreck her all to pieces. Ours are in more 
danger, speaking generally, of being sunk than wrecked by gun-fire. 
There is a suggestive proverb about this in our service; bit at the present 
time of heated sentiment it need not be repeated. It suggests reflection, 
however.—The Engineer. 


THe FRENCH BATTLESHIP MASSENA. 


The Massena carries an armament identical with that of the Bouvet, 
fully described last week—two 1I2-in., two 10.8-in., eight 5.9-in. quick- 
firers, and eight 4-in. quick-firers. The latter guns are, however, carried 
quite differently, and possibly better placed. Having the large French 
ram bow, the Massena differs a good deal from the Bouvet in general 
appearance, and her design having been worked out independently of that 
ship there are other differences of details also. The boilers are Lagrufel 
D’Allest—the Bouvet has Belleville. The funnels of the two ships are 
very differently placed, and the Massena has a large number of big cowls, 
the Dupuy de Lome being the only ship that approaches her in this 
respect. On trial the Massena made very near 18 knots, but the enor- 
mous bow wave caused trouble. She has, however, run 17 knots con- 
tinuously at sea. The armor of the Massena is identical with that of the 
Bouvet, save in one particular—the belt aft is incomplete. 


[Russta.] 


GENERAL ADMIRAL APRAKSIN. 


The second trial of the engines of the Russian coast defence battle-ship 
General Admiral Apraksin has taken place with good results. The war- 
ship made four runs on the measured mile, and the mean speed realized 
was 15.07 knots. During a seven hours’ continuous run of the engines 
at full power, no interruption in the regularity of the working was ob- 
served. During the trial nine sets of diagrams were taken, and these in- 
dicate that the engines on this occasion realized more than the 5000 horse- 
power required by the contract. The indicated horse-power, as shown by 
the ninth sets of diagram was as follows: Port engine, high-pressure 
cylinder, 806.17; intermediate, 997.80; low, 1028.60; total, 2832.57. Star- 
board engine, high-pressure cylinder, 817.63; intermediate, 1026.78; low, 
1080.42; total, 2924.83. The number of revolutions of the port engine was 
123, and the pressure of steam 128.4 lb.; of the starboard engine, revolu- 
tions, 124; pressure of steam, 133.2 lb. The grand total indicated horse- 
power was 5757.40. At the first trial the indicated horse-power fell short 
of that contracted for, and the contractors at the Franco-Russian works 
became subject to a fine of 2920/1. The makers attribute the deficiency of 
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the indicated horse-power to the incapacity of the stokers who were em- 
ployed at the trial.—Engineering. 


PETROPAVLOVSK. 


Details have also been received of the trials of the Russian battle-ship 
Petropavlovsk. This was also the second trial, the previous one failing 
owing to a defect in the low-pressure cylinder of the starboard engine. 
The following are the details: Draught, bow, 24 ft. 4 in.; aft, 26 ft. 4 in; 
mean 25 ft. 4% in.; displacement, 10,890 tons. The mean of runs on the 
measured mile was 16.38 knots. The indicated horse-power was, port en- 
gine, high-pressure cylinder, 1619.5; intermediate, 2046; low, 1922; total, 
5587.6; starboard engine, high-pressure cylinder, 1666.4; intermediate, 
2011.7; low, 1947.4; total, 5625.5. Gross total indicated horse-power, 
11,213; revolutions of screw, 84; steam pressure, 120 lb.—Enginering. 


[Unitep States. ]} 
War VESSELS UNDER CONSTRUCTION, 


A statement prepared by Philip Hichborn, chief of the Naval Construc- 
tion Bureau, shows that on November 1 there were under construction 
for the navy in various ship-yards 55 vessels, by far the largest number 
ever undertaken at one time in this country. There are eight battle-ships, 
and of these the “ Kearsarge,”’ at Newport News, Va., has advanced 71 
per cent. toward completion, while her sister ship, the “ Kentucky,” at the 
same place, has a percentage of 69. The “ Illinois” is 57 per cent. and 
the “ Alabama ” 65 per cent., at the Cramp yards, in Philadelphia, and the 
“ Wisconsin,” at the Union Iron Works, San Francisco, 52 per cent. com- 
pleted. The sheathed cruiser, “ Albany,” which the United States bought 
on the stocks in England, is exactly half finished. The 22 torpedo-boats 
under contract show percentages of completion ranging from nothing to 
99, the latter in the case of the “ Rowan,” at Moran Brothers’ yard, Port- 
land, Ore. The submarine boat “ Plunger,” at the Columbian Iron 
Works, Baltimore, is advanced 85 per cent., and the training ship “ Chesa- 
peake,” at the Bath Iron Works, Bath, Maine, 35 per cent.—The /ron Age. 


Absolutely pure is the claim made in every advertisement of the Royal 
Baking Powder and absolutely pure is the verdict of every housekeeper 
in the land using the Royal. It is the standard among baking powders, 
worth the price sold at, because of its purity, healthful bread-making 
qualities and the strength that makes a small quantity go a long way. 
No trouble about delicious biscuit and pastry when the Royal is used. 
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TEORIA VEROYATNOSTIE E PREMENENIA EA K’STRELBE E PRESTRELBE. 


THEORY OF PROBABILITIES AND ITS APPLICATION TO FIRING AND REGu- 
LATION OF Aim, by Colonel N. Zaboudski, Permanent Member of the 
Artillery Committee, Professor in Ordinary at the Michaelovsk Artillery 
School, Pub. Saint Petersburg, Press of the Imperial Academy of Science, 
1808. 

This work constitutes the second half of Colonel Zaboudski’s treatise 
upon Exterior Ballistics, the first portion of which appeared in print 
about a year ago. In an octavo volume of 400 pages, are discussed at 
length those theorems in probabilities applicable to the classification 
and evaluation of groups of experimental data obtained as the results of 
gun-firing. The scope and nature of Colonel Zaboudski’s treatise are 
clearly set forth in its preface, a transiation of which is hereto appended, 
as illustrating the character of the work. 

“The theory of probabilities and its application to firing and to the 
regulation of aim constitute the 2nd section of the course taught 
by me at the Michaelovsk Artillery Academy. The subject is here de- 
veloped to such an extent as to afford artillerists a means of acquaintance 
with the fundamental principles of the theory of probabilities, through the 
method of least squares, and by processes convenient for the investiga- 
tion of results of firing and pointing.” 

“The work is subdivided into five chapters and five appendices.” 

“In Chapter I the fundamental principles of the theory of probabilities 
are stated; my exposition of them is based in the main upon notes made 
by me at the lectures of the Academician P. L. Tchebishev, which I at- 
tended in 1880-81, at the St. Petersburg University.” 

“Chapter II discusses the method of least squares; in preparing it I 
have utilized General Maievski’s work, ‘ Exposition of the Method of 
Least Squares,’ 1881, supplemented by a few theorems. The proof of the 
principle of the arithmetical mean for a very great number of observations, 
is based upon Tchebishev’s theorem, while a second proof of this principle 
is also deduced, based upon the determination of the probability, that the 
sum of the observed values lies between given limits; by this it is shown 
that the most probable value of the unknown quantity is the arithmetical 
mean of the observed values.” 

“The proof of the principle of the arithmetical mean for a very great 
number of observations is independent of the form of the function ex- 
pressing the probability of error of observation. The form of this func- 
tion is determined on the assumption of Gauss, that the most probable 
hypothesis relating to the quantity under measurement corresponds to the 
arithmetical mean of its observed values. Upon this assumption is based 
the solution of various problems related to the method of least squares.” 
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“The Chapter concludes with the presentation of explanatory numerical 
examples, one of which is connected with ordnance investigation, namely, 
the preparation of the data resulting from firing the 4.2 gun provided with 
side pressure gauges for measuring pressures developed by smokeless 
powder gases at various sections of the bore.” 

“In Chapter III the theory of probabilities is employed for the study of 
results, from firing solid shot and shrapnel.” 

“The chance of deviation of a projectile from the centre of grouping upon 
a plane and in space, is deduced in accordance with the assumption of Bra- 
vais and Schols,* that the causes producing the deviation of a projectile 
from the center of grouping are very many, and that all may produce 
deviation indiscriminately in any direction. Such a method of determin- 
ing the chance of deviation of a shell was followed by the Italian Major 
of Artillery (now Senator) Siacci, and the French General of Artillery 
Pioutz in investigating the results of firing.’’ 

“In order that deductions based upon the principle of the arithmetical 
mean may be applied to correcting results of observations it is necessary 
to equate directly results from practice with those deduced theoretically. 
Examples are adduced from various authors illustrating the possibility 
of applying the method of least squares to the investigation of the results 
of firing; in addition thereto I have presented my own study, in accord- 
ance with this method, of data obtained from firing the 12-cm. (4.72-in.) 
heavy siege gun at the Krupp works, Dec. 1880. The tables of the 
French artillerist Lardillon, are employed for determining the number of 
hits resulting from firing a group of shrapnel.” 

“ Chapter IV treats of the employment of the theory of probabilities for 
investigating problems for the regulation of firing. This chapter is a re- 
arrangement of lithographed notes prepared by me in 1880 for use at the 
Michaelovsk Artillery Academy, in compiling which I utilized the investi- 
gations of the French artillerist Persain, the Belgian artillerist Mangon, 
and articles by Lieut.-Gen’l Shklarevitch.” 

“In the solution of problems relating to the correction of fire the cases 
of shell with percussion fuses and of shrapnel are both considered.” 

“ The correction of aim can only be based in most cases upon the knowl- 
edge of the direction of deviation of the shell from the target, but in 
fortress and siege firing, cases may be met where the correction of aim is 
based upon actual measurement of such deviation. Two methods of cor- 
rection are therefore to be considered; (1) that based upon measurements 
of deviation, (2) that based upon the ratio of shorts to overs. Persain 
and Mangon’s method is employed for the investigation of the latter case. 
Mangon’s method is also applied to the case where the firing is corrected 
by measuring the deviation of one group of shots, and by determining the 
ratio of shorts to overs for another.” 

‘‘Errors in observation are taken into account in the correction of 
firing; and the chances of firing short and over are discussed for the case 
where such an error is recognized.” 

“ For illustrating the application for theoretical method to the correction 
of aim, some of the rules adopted by us for firing at a moving target are 
discussed.” 

“Chapter V presents Tchebishev’s formulae for interpolation by the 
method of least squares as applied to the solution of normal equations 


*Professor at the Delft. Polytechnic School. Note upon Probability in Firing. Revue 
d’Artillerie, Feb., 1884. 
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by the aid of indeterminate coefficients, followed by examples taken from 
the French artillerist Jouffré.’’ 

“Appendix I presents the development sin x in infinite series in +.*” 

“Appendix Il gives the integration of the expression representing the de- 
gree of accuracy of observations in terms of the nth degree of the errors.” 

“In Appendix III is presented Laplace’s corollary, that for a very great 
number of observations the most probable value of the unknown quantity, 
expressed in equations is determined by the method of least squares, inde- 
pendently of the form of the function expressing the chance of error in 
observation, and based upon the two first theorems of the theory of proba- 
bilities—summation and multiplication.” 

“Appendix IV contains deductions based upon the rule of mean value. 
In consequence of the investigations of the French artillerist Etienne, 
articles have appeared in our ordnance literature that do not elucidate this 
rule with sufficient clearness; I therefore discussed Etienne’s work, and 
expounded those scientific deductions relating thereto.” 

“The rule of mean value has long been known, but its employment 
ceased upon the discovery of the method of least squares, in view of the 
indisputable superiority of the latter method."’ 

“Appendix V consists of tables.” 


*Sin 2=2(1—7)(1—57°)(1—gas 
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[AMERICAN. ] 
CASSIER’S MAGAZINE. 

NovEMBER, 1898. Mechanical Draught for Steam Boilers. 
Compressed Air on Warships. The Distilling Ship Iris for the 
United States Fleet. 

DeceMBER. High Explosives in Naval Warfare. Early Ma- 
rine Engine Construction and Steam Navigation in the United 
States. 

January, 1899. Engine Room Experience in War Times. 


THE IRON AGE. 

NOVEMBER 3, 1898. Armor Plate Matters. 

NOVEMBER 10. A Powerful Japanese Battle-ship. The Life 
of Naval Ordnance. 

NOVEMBER 17. War Vessels Under Construction. 

DECEMBER I. The New Monitors. 

DECEMBER 8. Material for Naval Machinery. 

DECEMBER 15. America at the Paris Exposition. Corru- 
gated Steel Sheets in the United States Navy. 

JANUARY 12, 1899. Time of Testing Steel. 


JOURNAL OF THE UNITED STATES ARTILLERY. 


Juty anp Avucust, 1898. The Reduction of Impedimenta of 
Troops in Campaign. The Artillery in Battle. Night Combats. 
Introduction to the Study of the War Between Turkey and 
Greece. Howitzers and Mortars for Field Artillery, to Supply a 
Need of Curved Fire. 

SEPTEMBER AND OctToBEeR. The Work of the Engineers in 
the Santiago Campaign. Report on the French Grand Manceu- 
vres of 1897. 


JOURNAL OF THE MILITARY SERVICE JOURNAL. 


NoveMBER, 1898. Are We a Military People? The Navy in 
Sea-coast Defense. The French Active Army. Reorganization 
of State Troops. Geniuses. Transportation of Troops by Sea. 

January, 1899. Uses of Machine Guns. The Defense of a 
Free People. Small Arms and Ammunition. The Engineers of 
Fifth Army Corps. 
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JOURNAL OF THE AMERICAN SOCIETY OF NAVAL ENGI- 
NEERS. 

NOvEMBER, 1898. Reminiscences of Early Marine Steam En- 
gine Construction and Steam Navigation in the United States of 
America from 1807 to 1850. Electrical Propulsion for Torpedo- 
boats. Brittleness Produced in Soft Steel by Annealing. Water- 
tube Boilers a Necessity. A War Lesson. What is the Efficiency 
of an Air Compressor. Coal Economy of Battle-ships Engaged 
in Blockade Duty. High Pressure at Sea with some Considera- 
tions of Types of Boilers. A New High-duty Record for Pump- 
ing Engines. 


SCIENTIFIC AMERICAN. 


OcTOBER 20, 1898. Is the Thirteen-inch Naval Gun Obsolete? 
Work of the Naval Bureau of Ordnance. The Havana Floating 
Dry Dock. The Alabama Class of Battle-ships. 

NOVEMBER 5. American-built Warships for the Russian Navy. 
The New High-powered Guns of the Vickers’ Sons and Maxim 
Company. 

NOVEMBER I9. The Observatory of Paris. 

NOVEMBER 26. The Navies of the World. 


DECEMBER 3. The Proposed New Monitors. The First-class 
Battle-ship Maine. 

DECEMBER 10. The Proposed Additions to the Navy. See- 
retary Long’s Report. The Navies of the World. 


DECEMBER 17. Forthcoming Improvements in United States 
Ordnance. Guns Recovered from the Spanish Cruisers. 


DECEMBER 31. Comparative Strength of the World’s Navies. 


[ ForEIGn. ] 


ANNALEN DER HYDROGRAPHIE UND MARITIMEN ME- 
TEOROLOGIE. 


ANNUAL SERIES, 1898, Vor. X. Extracts from the Cruise Re- 
ports of German Men-of-War. Sailing Directions for Certain 
Harbors. Buenos Aires, Jacmel, Haiti, St. Thomas, W. I. 
Bevia. Anchorages in Subig Bay, Manila. Sailing Route 
from the Indian Ocean to Japan During the N. E. Monsoon. The 
Currents on the Coast of Chile. Samarang and Bulu, Java, 
and a Voyage from the latter Port to the Indian Ocean through 
Lombok Straits. The Gulf of Nicoya and the Gulf of Dulce, 
Central America. Notes on the Port of Comoxatiba, Brazil. 
Current Chart of the World. Squalls and Storms in the Middle 
Latitudes of the South Atlantic Ocean. Remarks on Tides in 
the Channel and the S. W. Part of the North Sea. On the Depth 
of Water in the St. Lawrence River between Montreal and 
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Quebec. An Expedition to Hudson Bay and Straits, also to 
Cumberland Sound. Hydrographic Notices. 

Vou. XII. Extracts from the Cruise Reports of German Men- 
of-War. Sailing Directions for Certain Harbors. Melbourne, 
Santa Cruz and Teneriffe, Canary Islands. Tangier, Morocco. 
Supplement to the Report on the Great Easterly Gale in the 
North Sea from the 15th to 20th of October, 1898. The Voyage 
of the Potosi from Hamburg to the West Coast of South America 
and Return during the Summer and Fall of 1898. The Storm on 
the East Coast of Prussia during the Night of September 19-20, 
1898. Directions for Crossing the Equator from North to South 
during April in the Atlantic Ocean. Eighteen Voyages of Cap- 
tain R. Hilgendorf between Hamburg and South America. Un- 
der-currents in the Straits of Bab-el-Mandeb. 


JOURNAL OF THE ROYAL UNITED SERVICE INSTITUTION. 

OctoseER, 1898. Italian First-class Battle-ship Lepanto. Per- 
sonal Reminiscences of the Evolution of Small Arms and Machine 
Guns from the Year 1863 up to the Present Date. The Working 
of the Roentgen Ray in Warfare. Northwest Frontier Warfare. 

Novemser. Chilian First-class Armored Cruiser General 
O’Higgins. Wireless Telegraphy. Economical Army Reform. 
Abyssinia as a Factor to be Considered Both in the Resettlement 
of the Soudan and in the Future of the Red Sea. The Necessity 
for and Practicability of a Federal Australian Army. 

DecemMBER. Two Photographs Taken by an Officer after the 
Battle of Khartum. Manceuvres in France of Two Divisions of 
Cavalry and of an Army Corps in September, 1897. A Sug- 
gested Correction of the Accepted Theory of the Tides. The 
State Defences of Russia. Smokeless Powders of Nitro-glycerine 


Type. 


ENGINEERING. 

OctToserR 21, 1898. The French Naval Manceuvres of 1808. 
The Electro Deposition of Copper. 

OctoserR 28. French Battle-ship Charles Martel. New 
British Gunboats Dwarf and Thistle. Submarine Telegraph En- 
terprise. 

NOVEMBER 4. Submarine Cable Grapnels. H. M. S. Hya- 
cinth. Launch of H. I. J. M. S. Shikishima. 

NOVEMBER II. Submarine Cable Grapnels. 

NovEMBER 18. The French Battle-ship Charles Martel. 

DECEMBER 23. Steam Trials of H. M. S. Argonaut. British 
Naval Progress. 

DeEcEMBER 16. Naval Expenditure. 











814 BIBLIOGRAPHIC NOTES. 


DECEMBER 30. Shipbuilding and Marine Engineering in 1898. 
The Torpedo-boat Destroyer Ikadsuchi for the Imperial Japanese 
Navy. British Naval Progress. 


MARINE RUNDSCHAU. 


OctosBer, 1898. A Voyage to Jerusalem Four Hundred Years 
Ago. Herring Fishing as a Branch of Steam Sea Fishery. The 
Distillation and Purification of Sea Water (continuation). The 
Development of the Ocean Passage Steamer. Statistical Sanitary 
Report of the Austrian Navy for 1896 and 1897. Statistical Sani- 
tary Report of the Japanese Navy for 1895. Modern Breech 
Mechanism for Rapid-fire Guns. Sketch of the Spanish-Ameri- 
can War (operations in Cuba and Puerto Rico). Charts used in 
the Early Navigation of Marshall Islands, with some General Re- 
marks on the Navigation of these Islands. Naval Notes. 

NoOvEMBER. The Duration of the Common Copper Al- 
loys in Sea Water. The Distillation and Purification of Sea 
Water (continuation). The Origin of Napoleon’s Expedition to 
Egypt in 1798. Recent Developments in Ordnance. West 
India Hurricanes. Instances of Spanish-American War. Naval 
Notes. 

DecEMBER. Recent Developments in Ordnance (conclusion). 
The Distillation and Purification of Sea Water (conclusion). The 
Origin of Napoleon’s Expedition to Egypt in 1798 (conclusion). 
West India Hurricanes (conclusion). The Development of the 
Hamburg Merchant Fleet. Modern Breech Mechanism of 
Rapid-fire Guns (continuation). Naval Notes. 


MITTHEILUNGEN AUS DEM GEBIETE DES SEEWESENS. 


VoLt. XXVI, No. 12. The Naval Battle of Camperdown. 
Obry’s Torpedo Director. Official Report on the Spanish Ships 
Destroyed off Santiago. The Torpedo-boat Boa. Naval Notes: 
England, France, Germany, Italy, Russia, Spain, Sweden, Nor- 
way, Denmark, Bulgaria, United States, Japan. Captain Sver- 
drup’s Polar Expedition. 

Vor. XXVII, No. 1. Technical Development of the Austrian 
Navy During the Last Fifty Years. Mirage. Coal Supply and 
the Coaling of Ships. Successful Gun-fire at Sea. Graphical 
Determination of the Local Time. A New Distribution of the 
Needles on the Compass Card. Naval Notes: England, France, 
Germany, Italy, Russia, Spain, Sweden, Holland, Denmark, Bul- 
garia, United States, Brazil, Japan, China. New Torpedo-boats 
for the German Navy. The Development of Ship’s Armor. The 
Annual Report of the Chief of Bureau of Ordnance, United States 
Navy. 

Vor. XXVI, No. 11. Navigation Laws and Regulations. 
An Instrument for Taking Bearings at Night. Observation of 
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Refractive Changes in the Torpedo Outfit of Ships-of-War. The 
Spanish-American War, with Particular Consideration of the 
Naval Operations (conclusion). The Latest Steam Trials of the 
British Cruiser Diadem. Holland’s Latest Submarine Torpedo- 
boat. Naval Notes: England, France, Germany, Italy, Russia, 
Spain, Norway, United States, Japan, China. 


MORSKOI SBORNIK. 


No. 10, Octroper. Defense of Great Britain and Her Col- 
onies (translation from Brassey). Naval Carrier-pigeon Service. 
American Torpedo-boats (translation of lecture by Naval Con- 
structor Gillmor). The Building of Ice-boats. Application of 
the Steam Turbine to Electric Installations on Shipboard. Sketch 
of the Development of the Compass for Use Afloat. Abstract 
from the Journal of Admiral Kuznetzov (conclusion). 


Notes: Spanish-American War. Condition of the Spanish 
Armored Cruisers Cristobal Colon, Infanta Maria Teresa, Viz- 
caya and Almirante Oquendo after the Battle of Santiago de 
Cuba (from Scientific American). Prizes taken by American 
Vessels. 


French Manceuvres, 1897. (1) Manceuvres in the Atlantic; 
(2) Manceuvres in the Mediterranean and Lessons of the Manceu- 
vres; (3) Faeynbouie’s Comparison as to Kinds of Ships of the 
Navies of Great Britain, France and Russia. Trial of the Dia- 
dem. Proposed Changes in the Composition of French Fleets. 
New Regulations for Filling Commands of Ships of French 
Fleets. New Classification of Ships. German Navy. New 
Ships, United States Navy. New Moroccan Gunboat. 


No. 12, DECEMBER, 1898. Questions in Naval Strategy. The 
Personnel of the British Navy. Approximate Formula for De- 
termining the Submerged Surface of Ships. Marine Water Tubu- 
lar Boilers. Notes in Metallurgy. Sumner’s Method as the 
Basis of Methods for Determining the Ship’s Position at Sea. 


Notes: British Manceuvres, 1897. Operations of the Channel 
Fleet. Foreign Navies. Hypothetical Ocean Race of War- 
ships. Launches of Ocean and Psyche. Trials of the British 
Torpedo Destroyers Conflict, Cheerful and Mermaid. The 
French Cruiser Chateaurenault. Launch of the French Torpedo- 
boat Destroyer La Hire. Italian Ships Building. Launch of 
the Italian Cruiser Puglia. Launch of the Spanish Cruiser Rio 
de la Plata. Launch of the Austro-Hungarian Cruiser Kaiser 
Carl VI. Launch of the Austro-Hungarian Torpedo-boat 
Cobra. Launch of the Portuguese Cruisers Dom Carlos I, Sad 
Gabriel and Sao Rafael. Ships Building for the Chinese Navy. 
Trial of the Chinese Torpedo-boat Destroyer Hai-Lung. Elec- 
tric Devices for Measuring Depth. 
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THE ENGINEER. 
OcTOBER 21, 1898. Torpedo-boat Destroyers for the United 
States. 


NOVEMBER 4. Krupp Armor, Its Application to Defeat Shell 
Fire in Warships. The French Battle-ship Bouvet. 


NOVEMBER II. Cammell’s Krupp Process Plate. The French 
Battle-ship Massena. 


NovEMBER 18. The Dutch Cruiser Friesland. Modern High- 
speed Engines for Electrical Work. Launch of the First-class 
Battleship Formidable. Champion 12-inch Krupp Plates. 


NOVEMBER 25. Beardmore Process Armor Plate. High- 
speed Vertical Engine. 


DECEMBER 2. The French Naval Budget. Bethlehem Krupp 
Process Plate. 


DECEMBER 9. Torpedo-boats for the United States Navy. 
Our New Quick-fire Gun. 


DECEMBER 16. The Jane Naval War Game. Torpedo-boats 
for the United States Navy. H. M. S. Argonaut. 


DECEMBER 23. The Japanese Destroyer Ikadsuchi. The Gas- 
lit Buoys of the Clyde. 

DECEMBER 30. H. M. S. Diadem. 

January 6, 1899. Japanese Destroyer Ikadsuchi. 


THE STEAMSHIP. 


NOVEMBER, 1898. Marine Boiler Explosions. The New Jap- 
anese Battle-ship Shikishima. The Indicator and its Uses on 
Board Ship. The Torpedo-boat of the Future. Launch of H. 
M. S. Hyacinth. 

DeEcEMBER. Launch of a British Battle-ship. The Machinery 
of a New U. S. Revenue Cutter. Launch of a New British Gun- 
boat. A Change in the U. S. Monitors. Distilling Machinery 
for Naval Vessels. 


TRANSACTIONS OF THE NORTHEAST COAST INSTITUTION 
OF ENGINEERS AND SHIPBUILDERS. 


VotumE XIV, 1897-1898. The Comparison and Construction 
of Ships’ Lines. The Theory of the Centrifugal Pump and Fan. 
Water Ballasting of Steamers. Some Considerations in Connec- 
tion with the Transverse Framing of Ships. An Instrument for 
Gauging the Circularity of Boiler Furnaces and Cylinders and 
Producing a Diagram. Some Points of Interest in the Design- 
ing of Cargo Steamers. Cylinder Ratios. The Effects of Dif- 
ferent Arrangements of Crank Angles upon the Economy of 
Quadruple Expansion Engines. A Reliable Method of Obtain- 
ing the Necessary Displacement and Centre of Buoyancy of 
Ships. 





— 
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PROCEEDINGS OF THE ROYAL ARTILLERY INSTITUTION. 

NoveMBER, 1898. The Services of Lieutenant-Colonel Francis 
Downman, R. A., in France, North America and the West Indies 
between the Years 1758 and 1784. On Failures at Practice with 
the Time and Percussion Fuse. Roentgen Rays up to Date. The 
Development of Armor During the Years 1893-98. Marching 
through Jungle Across India. 

DeEcEMBER. Reconnaissance by Artillery. The Development 
of Armor During the Years 1893-1898. Who Invented the 
Leather Guns? 


UNITED SERVICE GAZETTE. 

OctToBER 15, 1898. The New Naval Programme. Krupp 
Armor Plates. Gun and Torpedo. Quick-firing Field Artillery. 

OcToBER 29. The Recent Development of Armor Plate. 
Officering the Fleet. 

NOVEMBER 5. The Military Trend of the Navy. 

NOVEMBER 12. The Subsidized American Liners. 

NOVEMBER 19. The United States Naval Reports. 

NOVEMBER 26. Our New Cruisers. 


DEcEMBER 10. Naval Expenditure, 1896-97. The Gun- 
power of our Warships. The Evolution of Naval Discipline. 


DECEMBER 17. Operations in the Soudan. New British Bat- 
tle-ships. 

DECEMBER 24. Shipbuilding in the Royal Dockyards. Effects 
of Shell Fire at Santiago. Our Dependence on the Navy. 


REVIEWERS AND TRANSLATORS. 


Lieut. HuGo OsrerHaus, U.S. Navy. Lieut. J. B. BERNADOU, U.S. Navy. 
Lieut. Geo. F. Cooper, U. S. Navy. 
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SPECIAL NOTICE. 


NAVAL INSTITUTE PRIZE ESSAY, 1899. 


A prize of one hundred dollars, with a gold medal, is offered by the 
Naval Institute for the best essay presented on any subject pertaining 
to the naval profession, subject to the following rules: 

1. The award for the prize shall be made by the Board of Control, 
voting by ballot and without knowledge of the names of the competitors. 

2. Each competitor to send his essay in a sealed envelope to the Secre- 
tary and Treasurer on or before January 1, 1899. The name of the writer 
shall not be given in this envelope, but instead thereof a motto. Accom- 
panying the essay a separate sealed envelope will be sent to the Secretary 
and Treasurer, with the motto on the outside and writer’s name and 
motto inside. This envelope is not to be opened until after the decision 
of the Board. 

3. The successful essay to be published in the Proceedings of the In- 
stitute; and the essays of other competitors, receiving honorable mention, 
to be published also, at the discretion of the Board of Control; and no 
change shall be made in the text of any competitive essay, published in 
the Proceedings of the Institute, after it leaves the hands of the Board. 

4. Any essay not having received honorable mention, may be pub- 
lished also, at the discretion of the Board of Control, but only with the 
consent of the author. 

5. The essay is limited to fifty (so) printed pages of the Proceedings of 
the Institute. 

6. All essays submitted must be either type-written or copied in a 
clear and legible hand. 

7. The successful competitor will be made a Life Member of the Insti- 
tute. 

8. In the event of the Prize being awarded to the winner of a previous 
year, a gold clasp, suitably engraved, will be given in lieu of a gold 
medal. 


By direction of the Board of Control. 


Gero. F. Cooper, 
Lieut., U. S. N., Secretary and Treasurer. 


Awnapottis, Mp., January 1, 1898. 
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Experiments and 
Tests 


made by scientists of the highest re- 





pute show that the cheap alum baking- 
powders are unfit for use in human 
food. They produce dyspepsia and 
heart trouble; doctors agree about this. 
Experiments and tests made by 
scientists, by the Government, and 
by Boards of Health, show that Royal 
Baking-Powder is pure and healthful; 
that it adds anti-dyspeptic qualities 
to the biscuit, bread,and cake. Doctors 
and housekeepers agree about this. 
What folly to permit the use in 
your food of any baking-powder but 


Royal. 
Bai 
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MORISON PROTECTOR FIRE FRONTS 
AND DOORS 


LAND AND MARINE 
BOILERS. 





Manufactured by 


THE CONTINENTAL IRON WORKS. 


Send for Circular. West and Calyer Sts., NEW YORK. 
Near 10th and 23rd St. Ferries. Borough of Brooklyn. 


LIDGERWOOD MFG. CO. 


MANUFACTURERS OF 


HOISTING ENGINES 


FOR CONTRACTORS, 
PILE DRIVING, 
BRIDGE anv DOCK 
BUILDING, 
EXCAVATING, &c. 














ELECTRIC HOISTS. 


OVER 
14,000 
== In USE. La ra 

s. Lisenty STREET, NEW YORK. Old Colony Building, Van Buren oat 7 Streets, Chicago. 
% First Avenue, Pittsburg. 40 N. First Street, Portland, Oregon. 197 Congress Street, Boston. 
$ ‘ 7th Street, Philadelphia. 21 and 23 Fremo mt Street, San Francisco. 610 N. 4th Street, St. Louis. 
‘ Hendrie & Bolthoff Manufacturing Co., D enver, Col. 26S. Water Street, Cleveland, 0. 

Sales Agents: Fs -M. He alter Hdw. Co He we Montar 


n & Cary Co., St. Paul, Minn 


W E S T O N sau — 


VOLTMETERS, 
AMMETERS, 
WATTMETERS. 








Strictly High-grade. Recognized as Standards. 


Weston Electrical Instrument Co. 


114-120 WILLIAM STREET, NEWARK, N. J. 




















GENERAL ELECTRIC COMPANY. 


COMPLETE 
Eleetrie Light and Power Flants 


— FOR— 


WAR VESSELS, STEAMSHIPS, YACHTs, 
DOCKS, WHARVES, &c. 


Our Marine Generating Set with Engine and Dynamo on the same 
Base is the most Compact and Perfect Marine 
Electric Light and Power Plant. 


Search Lights, Dock Hoists, Fans, Ventilators, 
Incandescent Lights, Arc Lamps, ete. 
MAIN OFFICE, - - SCHENECTADY, N.Y. 


SALES OFFICES IN ALL LARGE CITIES IN THE UNITED STATES. 


GEO. K. McGAW & C0, 1mrorters + 
GROCERIES, WINES & CIGARS. 


Having had a long experience in furnishing Supplies to the 
Army and Navy, the Commissary and Officers at the Naval Acad- 
emy, the Light House Engineers and Inspectors, as well as large 
vessels fitting out for sea, we are prepared to supply the very best 
goods at very low prices. 


220 AND 222 N. CHARLES STREET, 


(OPPOSITE MASONIC TEMPLE.) BALTIMORE, MD. 


























EE Hydro-Pneumatic Ash Ejector. Piston with Adjustable 
Shoe. Air and Grease Extractor. Evaporator and Feed 
Water Heater. Water Tube Boiler. 
1. Hydro-Pneumatic Ash Ejector. 


Avoids dust and noise. Saves coal. Lightens labor. Prevents injury to paint. More 
than 400 now fitted and ordered, Fitted with or without automatic attachment. Taylor’s 
supplementary jet in use on steamer ‘‘ Cumberland,” &c, 


2. Piston with Adjustable Shoe and Follower. 


Applicable to horizontal and other engines. ‘Takes the wear at proper point and guides 
without tail rod. In use on U.S. Cruisers “‘ Baltimore,” “ Newark,’ “‘ Philadelphia,” 
steamer “‘ Connecticut,” &c. 2 


3. Air and Crease Extractor. 
Prevents grease in boiler. Does not reduce temperature of feed water. Can be quickly 
cleaned. In use on S. 5S. “ El Rio,” ** Morgan City,” &c. 


4, Evaporator and Feed Water Heater. 
Rapid in its work. No pump required. Coils readily shed all deposit. Of light weight. 
In use on S. S. “* El Norte,”’ “‘ Louisiana,”’ Yacht “‘Almy,” &c. 

5. Water Tube Boiler. 
Straight sub-vertical tubes of small diameter. Safe, light and durable. No cast metal. 
Combined induced and forced draft. In use on Yacht “ Electra,” 


All patented in the United States. The Ash Ejector, Boiler and 
Evaporator patented abroad. 


In order to avoid infringement apply to 


HORACE SHE. 


No. One Broadway, - - NEW YORK. 


ORFORD COPPER Co. 


ROBT. M. THOMPSON, PRESIDENT. 
37 WALL ST., NEW YORK. 





COPPER INGOTS, 
WIRE BARS AND CAKES. 


NICKEL AND NICKEL OXIDES 


FOR USE IN PREPARING NICKEL STEEL 


FOR ARMOR PLATES. 


























SCOVILL MANUFACTURING CO. 


WATERBURY, CONN. 


U.S.A. 


SHEET Brass, CoprpER, AND NICKEL SILVER, 


FOR CARTRIDGE SHELLS AND BULLET COVERS. 


CopPER AND GERMAN SILVER WIRE FOR ELECTRICAL 


PURPOSES. 


GitLt BuTTONS FOR THE ARMY AND NAVY. 























Licctls 
COLLARS and 


FOR GENTLEMEN. 


Gluett, Goon & Go., 
MANUFACTURERS. 
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| CLUETT, COON & CO.’S 
y || 
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SOLD EVERYWHERE 


| 2 WITH INCREASING POPULARITY. 
o 


SOLD BY THE NAVAL ACADEMY STORE. 




















F. J. HEIBERGER, 








sevansavy Mevelant Tailor, — 
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535 FIFTEENTH STREET, | 


OPPOSITE U. S. TREASURY, 


—_ WASHINGTON, D.C. 





RICE & DUVAL. 


+ TAILORS, # 





MODERATE PRICES. 


Army and Plavy (Gniforms and fashionable 


.. . @ivilian Mress. .. . | 





231 Broadway, - - New York. 


OPPOSITE N, Y. POST OFFICE. 
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| William H. Horstmann Company ; 
Fifth and Cherry Streets PHILADELPHIA 

Military Equipments 
: Correctness in every detail 

PRICE LISTS A thorough knowledge of the Regulations 

| ON APPLICATION and Requirements of the service 

| A A 

| “ee 





/ <= \  EDW.B. BRUCE & G0. 


Z~\ \\ 303, 305 & 307 Exchange Place, 
\wep } 7 






BALTIMORE, MD. 


YS SS Wines and Spirits. 


a 


/ 


SOLE PROPRIETORS OF THE 


OLD RESERVE 1860 AND SOMERSET CLUB 
MARYLAND RYE WHISKY. 


Our Brands are used with satisfaction by the Naval Academy 
Club of Annapolis. 





THE WILLIAMSON CO., 


jjadal ‘ailozs, 


| Arundel Building, - - = ANNAPOLIS, MD. 





EUROPEAN OFFICE, 
25 STOWE ROAD, SHEPHERD’S BUSH, W., LONDON. 


T. George Banks, Agent. 
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THE FRIEDENWALD COMPANY 


BALTIMORE, MD. 


Printers, Lithographers 
and Bookbinders 





GOOD WORK 
PROMPT SERVICE 


MODERATE PRICES 


An Absolute Protection for Iron from Rust 


Harrisons’.... 


ANTOXIDE 


Impervious to 

Water 
Vapors 
Sulphurous Gases’ 

Harrison’’ Products 

WHITE LEAD 

RED LEAD 

COLORS 

PAINTS 

ALUM 

CHEMICALS 


Other « 





Harrison Bros. & Co., Incorporated, 


PHILADELPHIA 
NEW YORK 
CHICAGO 
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STURTEYANT FANS 


Fron & 
WE 
MAKE 
THE 
FANS 
AND 
MOTORS 
ALL 
SIZES 
AND 
STYLES. 
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B. F. STURTEVANT CO., - Boston, Mass. 

















CHR XANDER for many years in Naval and Army cir. 
. y cles well known as a reliable wholesale 

WINE MERCHANT. Of Peter Domecq’s Sherries he is the 
privileged sole direct distributor D. C. at first-hand prices in cask 
and bottle. His 9 kinds of Va. Clarets and Ports, vintages since 
1891, are his own pressings. Of California Wines he holds 28 
kinds, none of later than’ 1891 crop. Of the 19 standard Whiskies, 
many of them veritable treasures for age, stored in his warehouse, 
Chr. Xander’s. Old Reserve Rye (over 8 years), $4.00 per gallon, 
$1.00 per quart, has in the tropics proved a true restorative where 
good Scotch whisky had done harm. 

WRITE FOR FPRICE LIST. 


909 7th Street, N. W. Washington, D. C. 





EUROPEAN PLAN. - - - : ACCESSIBLE TO ALL - - 
he Raleigh, “ =< 


MODERN CONSTRUCTION. POINTS OF INTEREST 


ABSOLUTELY FIRE-PROOF. Washington, D.@. IN THE CITY. - - - - 


PENNSYLVANIA AVENUE, COR. 12th STREET, N. W. 


Opposite New City Post Orrice. 


T. J. TALTY, Manager. 





ALTAMONT AND ELKTON BOUQUET 
BETTER THAN 190 CIGAR, avait 


Handled for years by the NAVAL ACADE/SY CLUB. 





Your Patronage Solicited. 


Richard Bond & Co., Baltimore, Md. 


MAKERS. 











A SCIENTIFIC PREPARATION. 


TABASCO PEPPER SAUCE 


or Liquid Pepper. 








INDISPENSABLE A NECESSITY * 

FOR IN 

THE MESS. THE GALLEY. 
ee ee 

KEEPS IN A LUXURY 
ANY FOR 

CLIMATE. THE TABLE. 
ee ee 


UNEQUALED IN 
STRENGTH 
AND FLAVOR. 


ALWAYS PURE 
AND 
WHOLESOME, 


MANUFACTURED ONLY BY 


E MCILHENNY'S SON, + “*™uPstx: 
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UNION IRON WORKS, 


SAN FRANCISCO, CALIFORNIA. 


BUILDERS OF CRUISER S — mii. 


CHARLESTON, 
CA@TJ SAN FRANCISCO, 
OLYMPIA. 








Coast Defense Vessel MONTEREY, 





Battle-Ship OREGON. 














THE STRATTON STEAM SEPARATOR 

Insures the engine absolutely dry steam. 

A safeguard against priming. 

Avoids strains of water hammer on piping and 
the wrecking of engines. 


Adopted by U.S. Navy and Light House Depart. 
ment. 


So_e MANUPACTURERS, 
THE GOUBERT MANUFACTURING CO., 
14 & 16 CuurcH St., New York. 


Aso MANUPACTURERS OF THE GOUBERT FEED WATER HEATER. 





Fountaingrove Vineyard Co. 
SANTA ROSA, CAL. 
Special Inducements to Army and Navy Officers, Clubs and Messes. 


Besides a large number of Post Exchanges and War 
Vessels, we have also supplied the Naval Academy 
Club with our Wines. 


NATIVE WINES 


OUR WINES 
TAKE THE PLACE DIRECT 
OF IMPORTED FROM OUR OWN 
BRANDS. VINEYARDS. 





Eastern Depot, 58 Vesey St., New York City. 
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VIEW OF CRAMP’S SHIP YARD. 














SOLE MANUFACTURERS OF 








. HOTCHKISS, . 
3 na DRIGGS-SCHROEDER, a 
i — —__—_—_-—@ 
| FLETCHER, DASHIELL 
— 
| 2 
| FOR NAVAL, 
| * COAST, FIELD and 
e — Ee 
| MOUNTAIN SERVICE. 
. 5 ee eee 
— ALSO OF—— 


Hotchkiss Revolving Cannon, 
Accles Machine Guns, 
Howell Automobile Torpedoes. 
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ADVICE AND ESTIMATES FURNISHED FOR EQUIPMENT 
OF NAVAL VESSELS, LAND FORCES AND FORTIFICATIONS, 


Gun Factory, Bridgeport, Conn. Projectile Factory, Lynn, Mass, 


OFFICE: 


7o2 17th Street, Washington, D.C. 
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NOTICE. 


rs 
The U. S. Naval Institute was established in 1873, having for its obje 
the advancement of professional and scientific knowledge in the 
It now enters upon its twenty-sixth year of existence, trusting ag . 
tofore for its support to the officers and friends of the Navy. The 
bers of the Board of Control cordially invite the co-operation and 
their brother officers and others interested in the Navy, in fu 
of the aims of the Institute, by the contribution of papers and co 
nications upon subjects of interest to the naval profession, as well ag y 
personal support and influence. « 
On the subject of membership the Constitution reads as follows: 


ARTICLE VII. 


Sec. 1. The Institute shall consist of regular, life, honorary and 
ciate members. 

Sec. 2. Officers of the Navy, Marine Corps, and all civil officers 7 
tached to the Naval Service, shall be entitled to become regular or lif 
members, without ballot, on payment of dues or fee to the See 
and Treasurer, or to the Corresponding Secretary of a Branch. 
bers who resign from the Navy subsequent to joining the Institute 
be regarded as belonging to the class described in this Section. ; 

Sec. 3. The Prize Essayist of each year shall be a life member without 
payment of fee. 

Sec. 4. Honorary members shall be selected from distinguished Na@ ‘ 
and Military Officers, and from eminent men of learning in civil life) 
The Secretary of the Navy shall be, ex officio, an honorary mef + 
Their number shall not exceed thirty (30). Nominations for honorary) 
members must be favorably reported by the Board of Control, and a 
vote equal to one-half the number of regular and life members, given 
by proxy or presence, shall be cast, a majority electing. o. 

Sec. 5. Associate members shall be elected from officers of the Army,” 
Revenue Marine, foreign officers of the Naval and Military professions, = 
and from persons in civil life who may be interested in the purposes « 
the Institute. 

Sec. 6. Those entitled to become associate members may be elected life. 
members, provided that the number not officially connected with the © 
Navy and Marine Corps shall not at any time exceed one hundred (100) 

Sec. 7. Associate members and life members, other than those entitled” 
to regular membership, shall be elected as follows: Nominations shall be 
made in writing to the Secretary and Treasurer, with the name of the 
member making them, and such nominations shall be submitted to he 
Board of Control, and, if their report be favorable, the Secretary and 9 
Treasurer shall make known the result at the next meeting of the Inst § 
tute, and a vote shall then be taken, a majority of votes cast by aa ; 
bers present electing. Rs. 

The Proceedings are published quarterly, and may be obtained 
non-members upon application to the Secretary and Treasurer at 
napolis, Md. Inventors of articles connected with the naval profession 
will be afforded an opportunity of exhibiting and explaining their invé 
tions. A description of such inventions as may be deemed by the Bo 
of Control of use to the service will be published in the Proceedings. 

Single copies of the Proceedings, $1.00. Back numbers and complete) 
sets can be obtained by applying to the Secretary and Treasurer, Ale 
napolis, Md. 7 ac 

Annual subscriptions for nun-members, $3.50. Annual! dues for men 
bers and associate members, $3.00. Life membership fee, $30.00. 

All letters should be addressed to Secretary and Treasurer, U. S. Nava 
Institute, Annapolis, Md., and all checks, drafts and money orders she 
be made payable to his order, without using the name of that officer. hs 


+ 8Ry 


Pi 

- 
t 
+ 





